











ABSTRACT				 Energy	is	an	essential	component	of	nearly	all	economic	activity	and	of	modern	society.		However,	throughout	Sub-Saharan	Africa	limited	access	to	modern	fuels	constrains	consumers’	ability	to	participate	in	economic	activity,	improve	their	livelihoods	and	enhance	their	quality	of	life.		This	thesis	attempts	to	identify	the	inef iciencies	in	the	energy	distribution	network	that	contribute	to	this	problem.			To	answer	this	question,	this	thesis	attempts	to	provide	a	comprehensive	picture	of	rural	energy	markets	in	East	Africa,	with	a	focus	on	Western	Kenya.			It	begins	by	examining	the	macro-economic	conditions	that	constrain	fuel	access	in	East	Africa.		This	is	followed	by	a	quantitative	investigation	of	the	impacts	of	market	imperfections	on	rural	consumers	by	drawing	on	primary	data	collected	from	commercial	centers	in	Western	Kenya,	the	principal	research	area.		Finally,	it	turns	to	study	the	energy	consumption	patterns	of	rural	households.			Descriptive	statistics	and	econometrics	results	indicate	that	poor	transportation	infrastructure	and	low	access	to	the	ef icient	distribution	systems	of	oil	marketing	companies	are	signi icantly	related	to	increasing	the	per	unit	price	of	fuel	to	rural	consumers.		Additionally,	household	fuel	consumption	behavior	is	largely	found	to	follow	the	“energy-stack”	hypothesis.		These	results	underline	the	importance	of	increased	investment	in	rural	infrastructure	and	of	increasing	effective	competition	among	oil	marketing	companies	in	order	to	more	effectively	provide	modern	fuels	to	rural	consumers.						 	
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CHAPTER	1		 INTRODUCTION		
	 Energy	is	an	essential	component	of	nearly	all	economic	activity	and	of	modern	society.		However,	billions	of	people	lack	access	to	cheap,	reliable,	and	ef icient	sources	of	energy,	which	then	limits	their	ability	to	participate	in	economic	activity,	improve	their	livelihoods	and	enhance	their	quality	of	life.				This	is	especially	true	in	Sub-Saharan	Africa,	where	per	capita	energy	consumption	is	the	lowest	in	the	world	–	476	kilograms	of	oil	equivalent	(Karekezi,	et	al.,	2004).			The	majority	of	Africa’s	poor	continue	to	rely	on	traditional	biomass	fuels,	such	as	 irewood	and	crop	residue,	which	are	well	known	for	their	energy	conversion	inef iciencies.		Poor	households	are	often	constrained	to	do	so	because	the	existing	networks	for	more	modern	fuels	such	as	petroleum	products	and	electricity	supplies	are	remarkably	underdeveloped	and	inef icient.			Ensuring	that	these	households	have	better	access	to	these	fuels	constitutes	an	important	step	towards	increasing	economic	growth	and	overall	welfare.				The	purpose	of	this	thesis	is	to	identify	the	constraints	in	rural	energy	markets	that	prevent	ef icient	energy	access	in	Sub-Saharan	Africa.		We	go	on	to	investigate	the	impacts	of	market	imperfections	on	rural	consumers	by	drawing	on	data	collected	from	commercial	centers	and	households	in	Western	Kenya,	our	principal	research	area.		Finally,	we	suggest	the	areas	that	are	in	most	need	of	investment	to	improve	modern	fuel	consumption	by	poor	rural	households.		
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Governments	and	institutions	alike	can	use	this	information	to	address	inef iciencies	and	improve	access.				
1.1 Motivation				 We	focus	our	attention	on	East	Africa	speci ically	because	the	problems	of	energy	access	are	particularly	severe	in	this	region.		As	of	2009,	81	percent	of	the	East	African	population	lived	without	access	to	modern	energy1	sources	(Kirai	and	Hankins,	2009).		The	solutions	to	addressing	this	regional	issue	are	exceptionally	complex,	and	will	become	more	dif icult	to	solve	as	time	goes	on.		Indeed,	current	trends	in	international	markets,	including	higher	prices	and	price	volatility,	are	such	that	the	access	of	the	poor	to	modern	energy	sources	may	become	steadily	worse	in	the	absence	of	effective	interventions.		Globally,	total	energy	consumption	is	increasing	rapidly,	which	in	turn	is	contributing	to	dramatic	price	increases.		Fast-growing	populations	and	economies	in	places	such	as	China,	India,	and	Brazil	are	driving	this	increased	demand,	and	these	trends	look	set	to	continue.		Despite	the	economic	slowdown	since	2008,	global	energy	consumption	has	continued	to	grow	rapidly.		Partly	in	response	to	this	increased	demand,	the	price	of	a	crude	barrel	of	oil	has	also	increased	steadily	since	it	underwent	a	sharp	drop	in	2008.		Over	the	past	 ive	years	(2008	to	2013),	the	price	of	oil	has	risen	60	percent,	and	forecasters	predict	that	high	oil	prices	are	here	to	stay	(U.S.	Energy	Information	Administration,	2011).			
																																																						1	Modern	energy	includes	advanced	fossil	fuels	such	as	petrol,	diesel,	and	liquid	petroleum	gas	(LPG)	as	well	as	electricity.		For	the	purposes	of	this	thesis,	we	will	be	mainly	concerned	about	access	to	fossil	fuels.		
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to	collect	information	at	a	more	micro	level.			To	this	end,	we	decided	to	collect	data	on	energy	sales	and	uses	from	commercial	centers	and	households	from	Kenya.			We	focus	on	Kenya	because	it	is	typical	of	the	region	in	many	respects.		Kenya	has	high	levels	of	poverty,	with	81	percent	of	its	poor	living	in	rural	areas	(International	Fund	for	Agriculture	Development,	2013).		Also,	like	most	countries	in	Africa,	Kenya	relies	exclusively	on	imported	crude	or	re ined	oil	for	domestic	consumption.		Energy	consumption	has	increased	in	recent	years,	rising	from	51	KBPD2	in	2002	to	79.8	KBPD	in	2010,	thereby	making	Kenya	one	of	the	largest	consumers	of	oil	on	the	continent	(U.S.	Energy	Information	Administration,	2011).			 Within	Kenya,	commercial	centers	serve	an	important	function	in	ensuring	that	increasing	fuel	demands	are	met.		Commercial	centers	are	clusters	of	businesses	in	rural	areas	that	are	commonly	found	throughout	East	Africa.		These	centers	function	as	markets	and	service	providers	for	the	local	community,	offering	access	to	food,	transportation,	and	other	consumer	goods.			Some	of	the	most	important	products	they	provide	are	modern	fuels	such	as	kerosene,	diesel,	petrol	and	liquid	petroleum	gas	(LPG).		Indeed,	commercial	centers	typically	serve	as	the	only	access	point	to	the	broader	fuel	distribution	network	for	rural	consumers.		As	a	result,	inef iciencies	in	these	centers	may	have	negative	impacts	on	the	price	and	access	of	fuels	for	the	local	community.		Kenya’s	poor,	like	those	throughout	East	Africa,	face	many	daily	struggles.			One	of	their	most	pressing	concerns	is	a	lack	of	access	to	modern	fuels,	a	problem	that	is	exacerbated	by	underdeveloped	commercial	centers.		Indeed,	modern	fuels																																																							2	KBPD	=	thousands	of	barrels	per	day	
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	For	the	reasons	mentioned	above,	policymakers	are	looking	to	encourage	the	poor	to	move	away	from	inef icient	fuels	such	as	 irewood	and	charcoal,	towards	more	ef icient,	healthier	forms	of	energy.		To	accomplish	this	goal,	two	barriers	must	be	overcome.		First,	modern	energy	must	be	made	affordable	for	poorer	consumers.		Widespread	fuel	adoption	will	only	occur	when	and	if	consumers	can	afford	it.		Second,	access	to	modern	energy	needs	to	be	increased	in	rural	areas.		Even	if	a	household	can	afford	commercial	fuels,	they	will	not	be	able	to	purchase	them	unless	they	are	made	available	near	where	they	live.	The	main	objective	of	this	thesis	is	to	identify	and	provide	a	quantitative	understanding	of	the	imperfections	surrounding	rural	energy	markets	that	make	
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modern	fuels	unavailable	to	poor	households.		Using	a	unique	data	set	from	Western	Kenya,	we	will	isolate	the	speci ic	attributes	of	the	distribution	network	that	impact	both	the	price	and	access	to	fuel	in	rural	communities.			These	can	be	categorized	into	two	main	groups.		First	are	the	policies	and	government	institutions	that	in luence	the	energy	market.		Second	are	the	physical	infrastructure	and	private	 irms	that	serve	the	poor.		Furthermore,	we	look	at	how	households	currently	make	their	fuel	choice	decisions.		This	allows	us	to	better	assess	the	impacts	of	fuel	prices	and	access	on	households’	behavior	and	welfare.		Through	this	process,	we	hope	to	 ill	a	gap	in	the	literature	on	energy	markets	in	developing	countries.		The	previous	literature	in	this	area	has	generally	taken	one	of	two	approaches.			The	 irst	approach	has	been	to	study	energy	markets	from	a	broad,	countrywide	perspective.		Oftentimes,	studies	examine	the	distribution	system	as	a	whole	to	identify	bottlenecks	and	inef iciencies.		However,	the	impact	of	these	problems	on	consumers	is	often	either	assumed	or	ignored.		The	second	approach	focuses	on	the	other	end	of	the	supply	chain:	households	and	energy	users.	Studies	assuming	this	approach	often	analyze	energy	consumption	and	how	households	make	choices	between	fuels.		As	a	backdrop	to	this	analysis,	households	are	acknowledged	to	operate	within	the	context	of	the	broader	energy	distribution	network,	which	limits	their	energy	options.		However,	the	impacts	of	these	constraints	on	consumers	are	often	not	examined	or	quanti ied.			This	thesis	seeks	to	connect	these	two	approaches	to	rural	energy	markets	by	examining	the	performance	of	local	rural	energy	markets.		Commercial	centers,	which	are	the	focus	in	this	research,	link	the	broader	distribution	channels	to	
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households.		By	examining	this	link,	we	can	better	understand	how	well	the	energy	supply	chain	serves	these	consumers.				This,	in	turn,	will	inform	policymakers	about	the	best	approaches	and	necessary	investments	needed	to	encourage	the	adopting	of	more	ef icient,	healthier	fuels	among	poor	rural	households.				








	 Access	to	ef icient	forms	of	energy	is	limited	across	Sub-Saharan	Africa.		This	is	especially	true	in	rural	areas.		For	example,	less	than	ten	percent	of	rural	people	have	access	to	electricity	in	their	households	(United	Nations,	2005;	Kaygusuz,	2011).		While	access	is	greater	in	urban	areas,	intermittent	supply	and	undersupply	have	hindered	the	development	of	large	industries	as	 irms	face	additional	costs	of	investing	in	energy	generation.			In	a	1999	study,	for	instance,	Ugandan	companies	responded	that	inadequate	energy	access	was	the	single	most	important	factor	limiting	their	growth	(Collier,	1999).	The	problem	of	energy	access	in	Africa	is	largely	due	to	a	failure	of	infrastructure	and	institutions.		The	continent	is	home	to	large	fossil	fuel	reserves	from	which	are	extracted	large	quantities	of	crude	oil.		However,	these	oil	supplies	are	frequently	exported	for	processing	and	then	imported	back	into	the	region.		Consequently,	for	every	three	barrels	Africa	produces,	only	one	is	consumed	(U.S.	Energy	Information	Administration,	2002).	This	section	reviews	the	current	state	of	energy	policy	and	environment	in	East	Africa,	in	particular,	Kenya.		Additionally,	the	situations	in	Ethiopia,	Uganda,	and	Tanzania	will	be	described.	These	three	nations	are	Kenya’s	largest	neighbors	in	East	Africa	and	can	provide	a	broader	context	for	how	Kenya	 its	into	the	regional	energy	market.		Together,	these	countries	provide	a	useful	comparison	of	available	energy	policy	options	and	their	consequences.			
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Our	four	focus	countries	in	East	Africa	are	almost	entirely	dependent	on	imports	for	their	petroleum	needs.	As	a	result,	they	are	particularly	vulnerable	to	supply	shocks	stemming	from	events	outside	their	control.		While	somewhat	at	the	mercy	of	the	international	markets,	there	are	several	avenues	through	which	countries	can	lower	prices	and	increase	access	to	energy.		These	fall	broadly	under	two	categories:	domestic	fuel	policies	and	supply	and	distribution	infrastructure.		Domestic	fuel	policies	primarily	involve	government	regulation	of	imports,	price	controls	and	quality	standards.		Supply	chain	infrastructure	takes	into	account	the	quality	and	ef iciency	of	ports,	pipelines,	re ining	operations,	roads,	and	market	competition	among	oil	marketing	companies	(OMC).		Together	these	domestic	factors	have	a	large	impact	on	the	price	and	accessibility	of	fuels	to	poor	consumers.		Understanding	the	current	state	of	domestic	policy	interventions	and	distribution	infrastructure	can	help	point	to	areas	that	may	be	unnecessarily	increasing	cost	and	decreasing	access	to	fuels.	








2.1	 Fuel	Policy		2.1.1	 Imports	and	Procurement	Ethiopia,	Uganda,	Tanzania	and	Kenya	represent	important	and	sizeable	economies	in	the	African	context.		However,	they	are	only	small	players	on	the	international	scene.		This	distinction	applies	to	most	commodities,	including	the	market	for	oil.		While	these	countries	import	large	quantities	of	oil	relative	to	other	African	nations,	their	total	consumption	represents	a	very	minor	share	of	global	demand.		As	a	result,	these	four	countries	have	struggled	to	achieve	economies	of	scale	in	importing	and	distribution,	which	would	allow	them	to	improve	the	ef iciency	of	the	importation	process	to	international	standards.		Indeed,	if	they	could	put	through	larger	orders	they	could	reduce	transaction	costs,	and	afford	to	upgrade	port	infrastructure.			Different	countries	have	pursued	different	strategies	to	enhance	scale	economies.		Three	of	our	focus	countries,	Ethiopia,	Tanzania	and	Kenya,	have	chosen	to	assign	a	single	buyer	for	petroleum.		In	theory,	by	allowing	a	single	buyer	to	purchase	petroleum	for	the	entire	economy,	a	better	overall	import	price	can	be	obtained.		This	results	in	cost	savings	for	the	industry	as	a	whole,	as	well	as	ensuring	easier	collection	of	import	duties.	Uganda,	on	the	other	hand,	has	pursued	a	fairly	liberal	strategy	of	leaving	the	importation	of	petroleum	up	to	the	market.	
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												Ethiopia	and	Tanzania	have	taken	two	different	approaches	to	establishing	a	single	buyer.		Ethiopia	uses	a	parastatal	oil	company,	Ethiopian	Petroleum	Enterprises	(EPE),	as	the	only	legal	importer	of	oil	products.		EPE	is	then	responsible	for	supplying	other	oil	marketing	companies	within	Ethiopia.		Tanzania,	on	the	other	hand,	recently	installed	the	more	market-oriented	Bulk	Procurement	System	in	2011.		Under	this	system,	the	government	issues	a	bi-monthly	contract	allowing	one	company	to	be	the	sole	importer	of	oil	for	those	two	months.		Private	companies	are	invited	to	bid	on	the	contract	and	the	lowest	bid	wins.		This	single	company	is	then	responsible	for	distribution	to	the	other	OMCs.			In	contrast,	Uganda	has	liberalized	their	procurement	policy,	which	allows	individual	companies	to	purchase	their	supply	directly	from	the	international	market.		This	free	market	approach	is	a	result	of	Uganda’s	general	laisse	faire	attitude	towards	energy	markets.		As	a	landlocked	country,	Uganda	relies	entirely	on	Kenya	for	access	to	imported	oil.		This	makes	it	extremely	dif icult	to	transport	the	oil	they	purchase	from	Kenyan	ports	back	across	their	borders.		Moreover,	each	individual	company	must	make	small	orders	and	transport	these	smaller	amounts	independently.		As	a	result,	there	are	very	few	prospects	for	Uganda	to	take	advantage	of	economies	of	scale	(Kojima,	et	al.,	2010).													Kenya	uses	a	system	very	similar	to	Tanzania’s.		The	Kenyan	government	presides	over	two	“Open	Tender	Systems”,	which	are	both	open	to	private	OMCs.		The	 irst	Open	Tender	System	is	for	crude	oil	and	the	second	is	for	re ined	oil.		This	system	is	unique	in	the	region	and	is	the	result	of	Kenya’s	access	to	their	own	re inery	that	processes	crude	oil.		The	government	also	requires	that	50	
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percent	of	countrywide	demand	for	re ined	products	be	met	by	the	domestic	re inery.	5	The	remaining	demand	is	met	through	direct	imports	of	re ined	products,	also	through	the	Open	Tender	System.				In	each	tender	system,	private	companies	bid	every	month	to	become	the	sole	importer	for	the	entire	market.		Once	the	winning	 irm	imports	the	petroleum,	it	is	then	split	among	all	OMCs	proportionally	based	on	their	market	share.														The	Open	Tender	System	in	Kenya	has	partially	allowed	the	country	to	take	advantage	of	economies	of	scale,	decreasing	the	disadvantage	presented	by	their	small	market	size.		Furthermore,	the	Open	Tender	System	has	made	some	progress	in	reducing	tax	evasion	and	decreasing	the	import	fragmentation	that	increases	costs.			Nevertheless,	concerns	remain	over	numerous	inef iciencies	that	have	yet	to	be	resolved.		This	is	especially	true	in	Mombasa,	Kenya’s	main	port,	where	delays	in	assigning	contracts,	insuf icient	capacity	to	of load	fuel,	and	delays	in	government	inspections	of	of loaded	fuel	all	increase	costs.		These	problems	have	even	led	to	fuel	shortages	in	Uganda,	which	relies	on	Kenya	to	transport	the	majority	of	its	imports	(The	Citizen,	2010).		2.1.2	 Price	Policy6		 Pricing	strategies	for	fuels	have	traditionally	been	one	of	the	most	widely	used	public	policy	tools	to	encourage	fuel	access.		These	polices	can	be	effective	poverty	alleviation	tools	if	they	are	targeted	at	poor	households,	for	example,	by																																																							5	This	law	was	recently	changed	in	July	2012.		The	re inery	is	now	able	to	purchase	crude	oil	directly	from	the	private	market	rather	than	only	sourcing	from	local	OMCs.		It	is	hoped	that	this	will	allow	the	re inery	to	source	cheaper	crude	oil.	6	The	material	presented	in	this	section	draws	extensively	from	Kojima,	et	al.,	2010	and	Bacon,	2001.			
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There	have	been	some	instances,	particularly	in	Kenya,	where	axle	load	limits9	have	been	more	strictly	enforced.			Nevertheless,	this	effort	has	also	been	problematic	and	produced	its	own	set	of	consequences.		For	example,	Kenya	ran	into	sizeable	problems	when	it	attempted	to	strictly	enforce	its	axle	load	limits	in	2008.			By	reducing	the	amount	of	weight	trucks	could	carry,	many	 leets	were	no	longer	able	to	transport	the	same	quantities	they	had	in	the	past.		As	a	result,	Kenyan	trucking	companies	could	no	longer	deliver	adequate	fuel	supplies	to	their	land-locked	neighbors	and	Uganda	subsequently	experienced	a	fuel	shortage	(Dow	Jones	Commodities	Service,	2008).	A	strict	enforcement	of	axle	load	limits	can	impose	signi icant	short-term	costs.		Nevertheless,	on	balance,	the	long-term	gains	from	enforcing	truck	weight	laws	will	dramatically	outweigh	these	short-term	costs.			They	will	lower	infrastructure	repair	costs,	reduce	accidents,	and	can	eventually	lead	to	the	adoption	of	a	better-maintained	and	more	ef icient	trucking	 leet.			
2.2	 Fuel	Distribution		2.2.1	 Infrastructure											It	is	vitally	important	that	nations	work	towards	improving	the	distribution	infrastructure	for	petroleum	in	order	to	ensure	that	supplies	are	reliably	and	affordably	supplied	to	consumers.		This	is	especially	true	in	East	Africa	where	countries	rely	almost	exclusively	on	imported	oil	(Kojima,	et	al.,	2010).		Imported	oil	enters	the	region	via	the	main	ports	in	Kenya	and	Tanzania	and	is	distributed																																																							9	Axle	load	limits	restrict	the	amount	of	weight	a	truck	may	carry	based	on	the	number	of	axles	on	the	vehicle.			
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throughout	these	countries	and	neighboring	Ethiopia	and	Uganda.		As	it	stands,	the	channels	through	which	these	resources	must	travel	are	complex	yet	under-developed.		The	existing	inef iciencies	throughout	the	supply	chain	often	result	in	higher	prices	for	fuel	by	the	time	it	reaches	the	consumer.				These	East	African	nations	need	to	improve	the	infrastructure	they	use	for	the	distribution	of	petroleum	in	order	to	mitigate	these	price	hikes.		The	only	alternative	to	improving	the	existing	supply	chain	is	to	develop	domestic	production,	which	would	replace	imports.		Domestic	production	would	make	it	easier	to	supply	oil	by	shortening	the	distance	the	commodity	needs	to	travel,	thus,	presumably,	lowering	the	price.		This	would	make	these	countries	less	vulnerable	to	the	pitfalls	of	a	complex	cross-country	distribution	infrastructure.			It	is	worth	mentioning	that	there	have	been	some	recent	discoveries	of	oil	in	Uganda	and	Kenya.		However,	the	amounts	that	can	potentially	be	extracted	will	not	meet	region-wide	demand	in	the	foreseeable	future.			Moreover,	there	is	only	one	re inery	in	the	region	and	there	are	no	long	term	plans	to	build	more.		As	it	stands,	this	re inery	would	be	unable	to	process	even	the	limited	amounts	of	crude	oil	these	countries	currently	produce.		Overall,	the	prospect	for	reducing	dependence	on	imported	oil	is	limited	in	the	near	future	as	expanding	production	and	processing	capacity	is	dif icult	to	achieve	and	is	highly	capital	intensive	(Bacon,	2005).		In	the	short	to	medium	term,	Tanzania,	Uganda,	Kenya	and	Ethiopia	will	thus	have	to	continue	to	rely	on	imported	oil.		It	is	therefore	vital	that	they	make	the	existing	the	supply	chain	more	ef icient,	and	speci ically	target	their	resources	towards	improving	the	distribution	infrastructure,	which	is	currently	plagued	by	
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many	different	problems.		The	petroleum	supply	chain	in	East	Africa	can	roughly	be	divided	into	three	separate	sections:	re ining,	wholesale,	and	retail.		The	capability	of	these	three	sectors,	and	the	transportation	infrastructure	linking	them	together,	is	critical	for	increasing	supply	chain	ef iciency.			The	transportation	infrastructure	includes	pipelines,	rails	and	trucking	networks	that	link	each	stage	together.			Of	the	four	East	African	countries	of	interest,	only	Kenya’s	supply	chain	begins	both	at	the	re inery	and	in	the	ports.		Tanzania	is	able	to	import	directly	from	international	markets	while	Ethiopia	and	Uganda	must	rely	on	shipments	from	their	neighbors.		We	will	begin	by	discussing	Kenya’s	unique	re inery	access	and	the	prevalence	of	problems	that	plague	it.		We	will	then	move	on	to	discussing	the	infrastructure	that	de ines	the	next	stage	of	the	supply	chain	and	which	is	common	to	all	four	nations,	namely	pipelines,	rail	and	roads.				
Re ineries	and	Ports.		The	Kenya	Petroleum	Re ineries	Ltd.	(KPRL)	operates	Kenya’s	only	re inery,	located	in	Mombasa.		KPRL	is	widely	considered	to	be	inef icient	and	is	unable	to	compete	at	an	international	market	level	(Kojima,	et	al.,	2010).		Generally,	a	re inery	needs	to	reach	a	capacity	of	100,000	barrels	a	day	in	order	remain	competitive	and	KPRL	is	unable	to	attain	this	benchmark	(Oil	and	Gas	
Journal,	2009).		Additionally,	the	re inery	has	no	cracking	capacity	(cracking	is	a	process	which	uses	catalysts	to	produce	higher	quality	“light”	products	such	as	gasoline).		This	then	limits	its	ability	to	match	market	demands	for	more	highly	processed	fuels.		Finally,	water	and	electricity	shortages	often	disrupt	the	re inery’s	operations.		This	has	created	petroleum	shortages	in	the	region.		In	2009,	for	example,	electricity	shortages	were	so	severe	that	the	Kenyan	government	ordered	
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the	re inery	to	produce	its	own	electricity	because	the	state	electrical	company	was	unable	to	provide	suf icient	levels	to	the	site	(Daily	Nation,	2009).		This	requirement	had	very	negative	consequences	for	the	re inery’s	own	operations.		The	Kenyan	government	has	tried	to	protect	this	re inery	despite	the	many	problems	that	plague	it	and	that	limit	its	inability	to	compete	internationally.		For	example,	in	the	1990’s	Kenya	originally	called	for	70	percent	of	domestic	consumption	to	be	processed	through	KPRL.		This	plan	proved	unsustainable	and	subsequently	failed,	with	the	result	that	the	requirement	was	lowered	to	50	percent.		Tanzania,	Uganda	and	Ethiopia	do	not	operate	a	re inery	and	their	distribution	networks	begin	solely	at	the	ports.		Kenya	also	relies	on	its	ports	for	any	fuel	that	is	re ined	abroad.		In	Tanzania	and	Kenya’s	case,	importing	re ined	petroleum	is	fairly	straightforward:	imported	petroleum	arrives	by	sea	and	is	then	transported	throughout	the	country	via	pipelines,	rails	and	road.		Currently,	the	two	main	ports	for	each	country	are	located	in	Mombasa,	Kenya	and	Dar	es	Salaam,	Tanzania.		These	ports	have	enough	receiving	capacity	to	successfully	serve	regional	markets.		Uganda	and	Ethiopia	face	an	additional	challenge.		Once	the	cargo	vessels	are	docked	at	the	ports,	importers	must	rely	on	exclusively	rails	and	road	to	transport	their	commodities	all	the	way	across	neighboring	nations	before	they	can	gain	access	to	them.		Not	only	are	roads	and	rail	less	ef icient	than	pipelines,	but	the	long	distances	add	extra	costs	and	additional	uncertainty	in	the	supply	of	fuel	to	Uganda	and	Ethiopia.		Many	instances	have	been	reported	of	bottlenecks	and	rent-seeking	activities	along	the	supply	chain,	sometimes	resulting	in	fuel	shortages	(Briceñ o- Gar mendi a,	 2011).	
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Pipelines.		Pipelines	tend	to	be	the	most	cost	effective	way	to	transport	fuel	overland.		Within	our	four	focus	countries,	they	are	only	used	by	Kenya	and	Tanzania,	as	they	are	the	only	two	countries	that	have	pipelines	built	in	East	Africa.	Kenya	has	a	30-year-old	pipeline	running	from	Mombasa	to	Nairobi	while	Tanzania	runs	a	pipeline	running	from	Dar	es	Salaam	into	Zambia.		While	pipelines	are	generally	most	ef icient	form	of	transporting	petroleum,	both	East	African	pipelines	are	poorly	maintained	and	often	operate	well	below	capacity.		In	particular,	the	Nairobi-Mombasa	pipeline	has	often	operated	at	only	50	percent	capacity	due	to	an	erratic	power	supply	and	a	backlog	of	maintenance	(Foster,	2010).		
Rail	and	Road.		Less	ef icient	alternatives	to	pipelines	include	rail	transport	and	trucking.		The	availability	of	rail	transport	is	limited	in	the	region	and	where	it	exists,	it	is	underutilized.			Tanzania,	Ethiopia,	and	Uganda	all	have	rail	transport	but	each	country	fails	to	make	adequate	use	of	this	system.		Railroads	in	these	countries	have	been	left	to	fall	into	disrepair	because	of	poor	management	and	insuf icient	resources.			Kenya	is	typical	of	the	region	in	this	respect.		Kenya’s	major	rail	corridor	links	Mombasa,	Nairobi,	Kisumu,	and	extends	to	Uganda.		While	this	is	a	vital	trade	corridor,	the	rail	line	is	in	shambles	and	only	carries	one	million	tons	a	year.		Among	the	major	challenges	are	inadequate	rail-port	infrastructure,	general	track	deterioration,	and	a	lack	of	an	experienced	rail	company	to	handle	operations	(Briceñ o- Gar mendi a,	 2011).	By	far	the	most	common	means	of	distributing	petroleum	in	these	four	East	African	countries	is	by	truck.		While	ubiquitous,	trucking	faces	several	constraints	
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that	increase	transportation	costs	and	reduce	reliability	in	all	four	nations.		First	is	the	problem	of	overloading	by	trucking	companies.		Trucking	 leets	are	typically	old	and	poorly	maintained,	and	it	is	common	for	trucks	to	carry	loads	well	over	their	designed	capacity.		Companies	are	motivated	to	pursue	this	policy	to	increase	total	fuel	delivery	per	trip	and	also	to	avoid	of icial	and	informal	road	tolls.		While	this	practice	has	the	bene it	of	short-run	cost	savings,	it	increases	long-run	costs	by	causing	more	accidents	and	breakdowns.		Second	is	the	problem	of	poor	road	infrastructure.		Very	little	money	has	been	poured	into	improving	the	physical	conditions	of	the	roads	across	the	region,	as	well	as	their	overall	safety.			Conditions	on	the	roads	are	steadily	getting	worse,	with	one	of	the	primary	culprits	being	the	overburdened	trucks,	which	cause	great	damage	on	both,	paved	and	unpaved	roads.		In	the	long	run,	greater	road	deterioration	increases	the	transport	time	of	fuel	and	inhibits	the	use	of	more	ef icient	higher	weight	trucks	(Kojima,	et	al.,	2010;	Foster,	2010).	Kenya’s	major	road	network	suffers	similar	problems	despite	being	well-established	and	providing	basic	regional	and	international	connectivity.		The	road	system	also	bene its	from	periodic	maintenance	efforts,	which	are	supported	by	a	dedicated	funding	source	drawn	from	petroleum	taxes.		Nevertheless,	the	overall	quality	of	roads	remains	quite	poor	and	there	is	a	large	backlog	of	roads	in	need	of	rehabilitation.		Exacerbating	this	problem	is	poor	oversight	of	road	construction	contracts,	which	has	led	to	poor	and	short-lived	road	improvement	projects.	Additionally,	beyond	the	trucking	network	linking	major	cities,	road	accessibility	is	
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poor.		As	a	consequence,	only	30	percent	of	Kenyans	live	within	two	kilometers	of	a	paved	road	(Briceñ o- Gar mendi a,	 2011).		As	mentioned	earlier,	Kenya	has	periodically	tried	to	address	some	of	these	problems.		The	most	emphasis	has	been	placed	on	attempting	to	enforce	their	axle	load	law	in	order	to	reduce	road	deterioration.		Unfortunately,	this	has	done	little	to	solve	the	problem	and	has	created	other	dif iculties.		In	2008,	this	increased	enforcement	actually	resulted	in	fuel	regional	shortages.		More	recently,	it	sparked	a	protest	by	truckers	outside	Mombasa	in	December	2012	(The	Star,	2012).				2.2.2	 Market	Competitiveness10	Once	petroleum	arrives	in	the	ports,	or	in	Kenya’s	case	leaves	the	re inery,	private	 irms	take	responsibility	for	its	transport	and	distribution.			The	number	of	 irms	that	participate	in	the	oil	supply	chain	varies	across	countries	and	the	concentration	of	 irms	in	any	given	market	can	have	a	signi icant	impact	on	price.		Indeed,	as	the	number	of	 irms	increases,	there	will	be	more	competition	in	the	market,	which	in	turn,	will	force	companies	to	become	more	ef icient.			In	general,	East	Africa	has	relatively	concentrated	distribution	markets	with	a	few	 irms	controlling	most	of	the	supply.		There	is	a	strong	disincentive	for	new	companies	to	try	to	break	into	these	markets	because	local	demand	is	insuf icient	to	offer	a	worthwhile	return	on	investment.			As	a	result,	these	East	African	nations	are	left	with	a	small	number	of	large	companies	that	run	the	entire	supply	chain.		They	have	little	incentive	to	improve	their	ef iciency,	and	this	leads	to	an	increase	in	fuel																																																							10	This	section	draws	extensively	from	Kojima,	et	al.,	2010.	
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prices.			In	addition,	this	causes	chronic	underinvestment	in	rural	areas	as	 irms	fail	to	improve	their	distribution	networks	in	remote	areas.		The	market	has	suffered	from	this	lack	of	competition	for	decades.		This	is	most	explicitly	quanti ied	by	the	Her indahl-Hirschman	index	(HHI).		The	HHI	is	a	statistical	measure	of	market	concentration	and	is	commonly	used	by	the	U.S.	Department	of	Justice	in	the	analysis	of	the	competitive	effects	of	mergers	(Rhoades,	1993).		The	HHI	is	calculated	by	squaring	the	market	shares	of	each	company	and	summing	them	together,	as	follows:	
	In	the	above	equation	“MS”	is	the	market	share	of	each	 irm.		For	example,	if	four	 irms	controlled	equal	25	percent	shares	of	the	market	the	HHI	would	be	calculated	to	be	2,500	while	a	monopoly	would	present	a	maximum	value	of	10,000.		A	market	with	an	HHI	above	1,800	is	generally	considered	to	be	concentrated,	while	a	score	of	1,000	or	below	is	unconcentrated.		Calculating	the	HHI	index	for	our	study	area	shows	that	three	of	the	four	East	African	countries	exceed	the	concentration	benchmark	of	1800.		Uganda	has	an	HHI	of	1,831	while	Kenya	is	slightly	worse	with	an	HHI	of	1,937.		In	both	of	these	countries	a	small	number	of	private	 irms	dominate	the	market,	consigning	smaller	 irms	to	the	periphery.		Ethiopia	also	has	a	highly	concentrated	market,	although	the	exact	HHI	score	is	unknown.		This	is	due	to	the	monopoly	that	the	parastatal	Ethiopian	Petroleum	Enterprises	has	on	imports,	which	deters	many	 irms	from	entering	the	market.		As	a	result,	four	large	
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transnational	 irms	control	most	fuel	distribution.		Finally,	Tanzania	is	the	only	country	in	our	study	group	to	be	considered	unconcentrated	with	a	HHI	score	of	1,107.		Tanzania	has	25	 irms	that	operate	in	the	market,	with	the	largest	 irm	controlling	only	16	percent	of	the	market	(Tordo,	2011).	Each	country	has	had	slightly	different	attitudes	towards	market	competitiveness.			Ethiopia,	for	example,	has	little	incentive	to	encourage	private	competition	due	to	the	presence	of	its	state	supported	oil	company.		The	government	is	currently	able	to	capture	the	large	revenue	stream	from	the	distribution	and	sale	of	the	imported	fuel.		Any	private	competition	would	result	in	a	reduction	of	this	revenue	stream.		Tanzania,	on	the	other	hand,	has	done	a	reasonable	job	in	fostering	competition	in	the	energy	market.				The	largest	 irm	in	Tanzania	only	controls	16	percent	of	the	market	and	the	top	four	companies	together	control	less	than	50	percent	of	the	supply.			This	is	unique	for	East	Africa	and	stems	from	the	fact	that	Tanzania	has	well-crafted	regulations	that	are	consistently	enforced,	which	reduces	the	cost	of	entry	and	allow	smaller	 irms	to	participate	in	the	market.		Uganda’s	market	is	also	structured	differently.		It	has	four	large	 irms	that	control	almost	70	percent	of	the	market,	while	the	remaining	30	percent	is	divided	up	among	a	large	number	of	extremely	small	companies.		In	total,	Uganda	has	upwards	of	40	companies	participating	in	the	market,	many	more	than	in	the	larger	markets	of	Kenya	and	Tanzania.		This	is	likely	due	to	Uganda’s	highly	liberalized	fuel	sector,	which	enables	smaller	 irms	to	easily	participate.		At	 irst	glance	one	would	assume	that	having	more	 irms	is	good	for	the	market	because	it	encourages	better	
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		 There	exists	a	large	body	of	work	that	examines	energy	access	in	rural	Africa.		The	majority	of	these	studies	focus	speci ically	on	households	and	how	they	make	decisions	regarding	energy	use	under	personal	and	environmental	constraints.		In	order	to	contextualize	the	challenges	facing	households,	some	studies	also	provide	a	general	overview	of	energy	market	imperfections	and	their	implications.		Yet	other	studies	take	a	more	macroeconomic	view	of	energy	access	by	examining	the	energy	supply	chain	as	a	whole.		However,	there	are	no	papers	–	to	this	author’s	knowledge	–	that	have	formally	examined	rural	commercial	markets	in	Africa,	where	households	themselves	purchase	fuel.		Absent	this	information,	it	is	dif icult	to	understand	exactly	how	and	to	what	extent	these	market	inef iciencies	in luence	consumers.			The	following	literature	review	provides	a	brief	description	of	the	current	literature	on	household	energy	access	in	Sub-Saharan	Africa.		We	will	highlight	the	common	problems	that	these	studies	identify	as	characterizing	fuel	distribution	systems.		In	general,	these	studies	fall	into	two	main	categories.		First,	are	broad	studies	that	examine	rural	energy	access	from	a	worldwide	or	regional	perspective.		Second,	are	papers	that	review	speci ic	policy	interventions	related	to	household	energy	access.	Following	this	consideration	of	the	relevant	literature,	the	remainder	of	this	chapter	reports	the	results	of	the	author’s	survey	of	rural	commercial	centers	in	the	study	region	of	Western	Kenya.	
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3.1	 Studies	of	Energy	Access	
	 	Several	studies	have	examined	household	energy	access	in	Sub-Saharan	Africa	as	part	of	a	worldwide	or	regional	study.		Barnes	and	Floor	(1996)	were	two	of	the	 irst	to	examine	the	issue	of	fuel	access	speci ically	in	rural	areas	in	developing	countries.		They	note	that	rural	regions	are	typically	without	ef icient	commercial	energy	services	because	it	is	too	costly	for	retailers	to	service	them.		While	governments	have	sought	to	encourage	energy	access	for	poor	households	through	pricing	strategies	such	as	price	caps,	these	programs	are	usually	costly	and	ineffective.		Barnes	and	Floor	point	out	that	by	reducing	oil	marketing	companies’	cash	 lows,	price	controls	undermine	the	quality	of	these	companies’	services	and	discourage	expansion	into	rural	markets.		Additionally,	they	suggest	that	poor	infrastructure	also	increases	the	cost	of	servicing	remote	areas,	further	reducing	the	incentive	to	expand	into	these	markets.			Going	beyond	these	observations,	Barnes	and	Floor	review	several	cases	of	successful	and	unsuccessful	energy	programs.		Overall,	they	 ind	that	energy	expansion	programs	are	most	likely	to	succeed	when	accompanied	by	overall	income	growth	and	complementary	government	programs	investing	in	economic	infrastructure.		Key	in	their	 indings	is	that	increased	energy	access	does	not	substitute	for	broader	rural	development	programs,	but	rather	supports	such	efforts.		Barnes	and	Floor	identify	large	“ irst	costs”	as	a	main	barrier	in	deterring	demand	for	modern	fuels.		Poor	households	frequently	spend	more	than	necessary	on	energy	because	they	cannot	afford	the	initial	cost	needed	to	initiate	consumption	of	a	more	ef icient	fuel	type.		For	example,	the	high	cost	of	acquiring	a	Liquid	
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Petroleum	Gas	(LPG)	stove	prevents	households	from	using	LPG	as	a	source	of	energy.			In	their	conclusion,	Barnes	and	Floor	recommend	a	market-based	approach	to	improving	rural	energy	markets	in	developing	countries,	and	offer	two	speci ic	suggestions.		First,	governments	should	liberalize	energy	markets	to	encourage	competition	and	increase	access	to	consumers.	Second,	governments	should	avoid	the	distortions	caused	by	championing	technologies	or	fuels	that	require	extensive	subsidies.		That	is	not	to	say	that	governments	have	no	role	to	play	in	encouraging	energy	access.		Instead,	they	should	encourage	market	competition,	rural	infrastructure	development,	and	provide	loans	to	households	for	in	demand	energy	products.		A	more	recent	look	at	constraints	in	Sub-Saharan	rural	energy	markets	comes	from	Schlag	and	Zuzarte	(2008).			Their	 indings	largely	mirror	those	of	Barnes	and	Floor	from	a	decade	earlier,	offering	a	grim	picture	of	the	lack	of	improvement	in	energy	access	since	the	mid-1990s.		Among	the	similarities,	Schlag	and	Zuzarte	 ind	that	high	up-front	costs	of	adopting	modern	energy	sources	is	still	a	prohibitive	barrier	to	most	households.		Additionally,	they	see	the	lack	of	developed	infrastructure,	particularly	poor	roads,	as	a	major	impediment	to	ef icient	energy	distribution	to	rural	areas.		In	certain	areas	roads	are	poor	enough	that	even	if	distribution	companies	were	to	service	these	regions,	transportation	costs	would	be	too	high	to	be	affordable	to	consumers.			Schlag	and	Zuzarte	do	report	several	new	problems	with	the	energy	distribution	system.		Frist,	they	point	out	that	poor	information	exchange	between	
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producers	and	consumers	contributes	to	limiting	fuel	access.			Suppliers	lack	data	on	household	energy	use	patterns	and	so	are	unable	to	anticipate	demand	for	modern	fuels.		Meanwhile,	consumers	lack	information	about	available	modern	fuel	options	and	underestimate	their	associated	bene its.		A	lack	of	information	exchange	between	the	parties	causes	rural	areas	to	be	underserved.		Second,	Schlag	and	Zuzarte	discuss	the	importance	of	social	factors	in	limiting	fuel	adoption.		In	most	societies,	men	do	not	bear	the	brunt	of	the	negative	health	and	environmental	effects	stemming	from	traditional	fuel	use	in	the	home.		Thus,	when	men	are	in	control	of	economic	decisions,	households	may	not	invest	in	modern	energy	sources,	as	they	may	not	highly	value	the	bene its	conferred	by	cleaner	fuels.		Last,	Schlag	and	Zuzarte	note	that	traditional	methods	of	food	preparation	often	require	 irewood.		These	methods	are	dif icult	to	change	even	when	a	switch	to	a	cleaner	fuel	would	be	bene icial.		Overall,	the	combination	of	these	three	factors	causes	lower	levels	of	commercial	fuel	consumption	than	would	otherwise	occur.				Other	broad	studies	on	rural	energy	access	in	developing	countries,	and	Africa	in	particular	include	Wolde-Ghiorgis	(2002),	Spalding-Fecher,	et	al.	(2005),	and	Kaygusuz	(2010).		All	three	articles	largely	agree	with	Schlag	and	Zuzarte	on	the	constraints	limiting	rural	energy	consumption.		Kaygusuz	and	Wolde-Ghiorgis	pay	particular	attention	to	the	failures	of	government	policies	in	promoting	rural	energy	access	in	Africa.		Meanwhile,	Spalding-Fecher	notes	that	across	Sub-Saharan	Africa	the	private	sector	cannot	often	make	a	pro it	from	rural	communities	given	the	poor	state	of	infrastructure	and	low	levels	of	consumption.		All	three	studies	advocate	a	
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stronger	role	for	public	programs	to	improve	market	conditions	in	developing	countries	where	private	companies	are	failing	to	invest.				3.1.1		 Energy	Interventions	The	majority	of	the	energy	literature	pertaining	to	developing	countries,	and	in	particular	Sub-Saharan	Africa,	moves	away	from	broad-based	studies	and	instead	evaluates	speci ic	policy	interventions	that	seek	to	promote	energy	availability	for	the	poor.		These	studies	focus	exclusively	on	households,	and	generally	assume	the	existence	of	a	poor	fuel	distribution	network	as	a	backdrop	to	their	analysis.		In	general,	little	attention	is	paid	to	the	speci ic	failings	of	the	energy	market	and	any	adverse	effects	the	de iciencies	of	these	markets	have	on	households.		However,	the	few	studies	that	do	address	the	fuel	supply	chain	in	more	detail	tend	to	identify	similar	constraints	to	those	pointed	out	in	the	more	general	studies	referenced	above.		One	area	of	particular	attention	has	been	government	efforts	to	expand	electrical	grids	into	remote	regions.		Typical	of	this	type	of	study	is	a	recent	report	centered	on	the	Kisumu	region	in	Kenya	by	Abdullah	and	Markandya	(2012).		Their	study	evaluates	households’	willingness-to-pay	to	connect	to	the	newly	expanded	electrical	grid.		To	estimate	the	potential	demand	for	electri ication	in	the	region,	the	authors	discuss	the	current	consumption	of	commercial	fuels.		However,	little	attention	is	paid	to	the	market	in	which	households	purchase	these	fuels.		Instead,	the	authors	broadly	describe	the	market	environment,	by	simply	pointing	out	that	there	is	limited	access	at	reasonable	cost.		Broad	characterizations	of	this	type	are	
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	Data	on	energy	use	in	rural	commercial	centers	and	in	transportation	were	collected	from	May	to	August	2012	in	targeted	rural	areas	surrounding	the	city	of	Kisumu	in	Western	Kenya.		The	objective	of	the	survey	was	to	gather	detailed	information	regarding	fuel	sales	and	consumption	in	commercial	centers	that	service	rural	communities.		The	survey	was	conducted	in	 ive	ten-by-ten	kilometer	(100	km )	“blocks”	located	in	the	Western,	Nyanza,	and	Rift	Valley	provinces.			The	 ive	blocks	are	referred	to	as	Upper-Yala,	Mid-Yala,	Lower-Yala,	Mid-Nyando,	and	Lower-Nyando	after	their	locations	in	the	Yala	and	Nyando	river	basins	(see	green	shaded	areas	in	Figure	3.1	below).		The	 ive	blocks	were	chosen	as	the	data	collection	site	for	several	reasons.		First,	these	areas	formed	parts	of	the	original	geographic	coverage	of	the	Western	Kenya	Integrated	Ecosystem	Management	Project	(WKIEMP),	implemented	between	2005-2010	by	the	Kenya	Agricultural	Research	Institute	(KARI)	and	the	World	Agroforestry	Center	(ICRAF).		This	previous	project,	plus	other	prior	studies	by	ICRAF	and	other	Cornell	University	
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	 	Our	survey	identi ied	56	commercial	centers	within	the	study	area;	these	are	indicated	as	black	circles	in	Figure	3.1.		Note	that	some	circles	appear	to	be	slightly	outside	the	survey	areas	due	to	inaccuracies	in	GPS	location	recording.		A	commercial	center	was	de ined	as	any	group	of	two	or	more	permanent	structures	whose	collective	purpose	was	primarily	commercial.		The	centers	ranged	greatly	in	size	from	only	two	businesses	up	to	222	businesses.		Many	centers	were	associated	with	nearby	villages	that	they	served,	but	several	also	stood	independently	and	catered	to	disperse	populations	from	a	wider	area.			The	commercial	centers	were	evenly	split	between	the	 ive	blocks,	with	11	centers	located	within	the	Lower-Yala,	Mid-Yala,	Upper-Yala,	and	Lower-Nyando	blocks	while	12	centers	were	found	within	the	Mid-Nyando	block.		Of	the	56	commercial	centers,	50	were	connected	with	the	electrical	grid,	although	of	these,	three	had	no	actual	power	at	the	time	of	the	visit.				 The	survey	team	conducted	interviews	at	each	center	during	business	hours,	ranging	between	10:00	am	and	4:00	pm.		Data	was	collected	from	every	shop	(only	permanent	structures	were	approached)	that	was	open	at	the	time	of	the	visit.			The	owner	of	the	shop	was	administered	the	questionnaire	unless	he/she	was	unavailable,	in	which	case	whoever	was	running	the	store	at	that	time	was	asked	the	questions	in	their	stead.		Answers	to	questions	related	to	the	types	of	energy	used	and	sold	were	recorded	for	each	respondent	with	a	more	detailed	survey	conducted	for	businesses	that	sold	energy.		Additionally,	businesses	that	used	petrol,	diesel,	LPG,	kerosene	were	asked	to	answer	additional	questions	pertaining	to	their	levels	
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of	consumption	and	sources	for	each	fuel.	Only	 ive	kerosene	users	were	asked	additional	questions	in	each	center	in	order	to	keep	the	time	spent	in	one	commercial	center	to	a	manageable	level.		In	total,	1,438	businesses	were	recorded	in	the	survey.		Of	these,	407	were	asked	to	complete	the	more	detailed	survey	either	for	fuel	sellers,	fuel	users,	or	both.		Refusal	rates	by	businesses	asked	to	complete	the	detailed	survey	were	very	low,	nearly	zero,	within	the	sample	area.		To	clarify	these	distinctions,	Table	3.1	reports	the	total	number	of	respondents	interviewed	in	each	category	and	the	information	that	was	elicited	from	each	group.	
							Table	3.1:	Survey	Overview		 Number	of	Observations	 De inition	of	Group	 Data	Collected		 	 	 	All	Businesses	 1,438	 Any	business	that	was	in	operation	at	the	time	of	the	survey.			
List	of	all	energy	sources	that	were	used	or	sold	by	that	business.		 	-Fuel	Sellers	 131	 Any	business	that	sold	any	fuel	type	in	the	commercial	center.			
Detailed	survey	regarding	type	and	quantity	of	fuel	sold.			








The	detailed	questionnaire	administered	to	business	owners	contained	four	parts.		The	 irst	part	collected	basic	identi ication	information	about	business	type,	years	in	operation,	and	ownership.		Second,	each	business	was	asked	questions	about	which	speci ic	fuels	they	sold	and	used.		Third,	for	each	fuel	type,	information	was	gathered	on	the	quantity	and	price	of	the	fuel	that	was	sold	or	used.		Lastly,	the	business	was	asked	if	they	had	any	dif iculty	in	obtaining	the	fuel.		In	the	event	that	a	store	sold	or	used	multiple	types	of	fuel,	the	survey	was	repeated	for	each	fuel	type	in	its	entirety.				 In	addition	to	businesses,	transporters	who	served	each	commercial	center	were	also	interviewed.		These	transporters	were	surveyed	in	two	stages.		The	 irst	class	of	transporters	was	“boda-boda”	drivers.		“Boda-boda”	is	the	local	term	for	motorcycle	taxis	that	are	commonly	used	for	public	transportation	throughout	Kenya.		Boda-boda	drivers	were	interviewed	at	each	commercial	center	while	the	business	survey	was	being	conducted,	with	up	to	ten	boda-boda	drivers	interviewed	at	each	center.		An	attempt	was	made	to	interview	any	driver	who	was	currently	stopped	at	the	center	upon	arrival	or	any	driver	that	arrived	during	the	survey	team’s	stay.		A	minimum	of	one	hour	was	devoted	to	waiting	for	new	drivers	to	arrive	if	the	maximum	of	ten	drivers	had	not	already	been	reached.				 The	second	class	of	transporters	was	“matatu”	drivers.		“Matatu”	is	the	local	term	for	small	6	or	10	seat	public	buses	that	are	frequently	used	for	long	transport	between	cities	and	larger	towns	throughout	Kenya.		Matatu	drivers	were	interviewed	after	the	completion	of	the	commercial	center	survey.		Based	on	conversations	with	members	of	the	community,	thirteen	matatu	routes	were	
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								Table	3.2:	Business	Type	by	Fuel	Sold*			 Individual	Seller	 Retail	Store	 Gas	Station	 Other		 	 	 	 	Petrol	 6	(33%)		 3	(17%)		 7	(39%)		 2	(11%)	Diesel	 7	(37%)		 4	(21%)	 7	(37%)	 1	(5%)	Kerosene	 21	(20%)		 69	(66%)		 8	(8%)		 6	(6%)	LPG	 2	(25%)		 2	(25%)		 3	(38%)	 1	(13%)	Charcoal	 12	(55%)		 8	(36%)		 0	(0%)	 2	(9%)	Firewood	 1	(50%)		 1	(50%)		 0	(0%)	 0	(0%)	Overall	 37	(28%)		 77	(59%)		 8	(6%)		 9	(7%)		 	 	 	 	
*The	total	percent	of	businesses	in	each	category	is	reported	in	parentheses.									
	Note:	Some	stores	sell	multiple	types	of	fuel	and	are	counted	in	multiple	rows.		 In	our	classi ication,	individual	sellers	are	businesses	that	primarily	sell	fuel.		In	contrast,	retail	stores	are	businesses	that	sell	fuel	as	one	of	many	types	of	other	household	goods.		Gas	stations	are	classi ied	as	any	business	that	sold	fuel	primarily	
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per	liter.		LPG	is	slightly	less	costly	at	135	KES	per	liter12.		The	cheapest	liquid	fuels	are	petrol,	sold	for	128	KES	per	liter,	and	diesel,	which	costs	110	KES	per	liter.		While	these	differences	in	prices	might	seem	relatively	small,	given	the	low	incomes	of	most	rural	households	these	differences	can	be	quite	signi icant					 Charcoal	and	 irewood	are	signi icantly	cheaper	than	the	liquid	fuels,	selling	at	32	KES	and	16	KES	per	bundle,	respectively.			While	these	two	energy	sources	are	appealing	in	terms	their	price,	they	have	the	disadvantage	of	yielding	much	lower	energy	outputs.		As	a	result	it	becomes	dif icult	to	compare	these	energy	types	based	on	prices	alone.	It	should	be	noted	that	the	prices	we	are	referring	to	represent	the	average	prices	charged	per	unit.		This	was	deemed	an	appropriate	measure	because	the	majority	of	businesses	list	their	prices	in	terms	of	the	standard	unit.	However	it	is	worth	mentioning	that	in	the	case	of	kerosene	this	average	measure	masks	a	great	deal	of	variation	in	prices	based	on	the	unit	of	kerosene	sold.		The	impact	of	this	price	variation	will	be	explored	later.	Additionally,	the	differences	in	price	per	energy	output	of	our	different	fuel	types	should	be	mentioned.		While	liquid	fuels	may	be	more	expensive	on	a	volume	basis	they	may	actually	represent	better	value	based	on	the	amount	of	energy	they	contain.		For	example,	the	energy	density	of	LPG	is	27.7	MJ/L	(mega-joules	per	liter)	compared	to	37.3	MJ/L	for	diesel	(Australian	Institute	of	Energy,	2013).		However,	using	energy	density	of	each	fuel	may	be	misleading	as	the	actual	useful	energy	that	
																																																						12	Liters	of	LPG	were	calculated	by	converting	the	6	kg	and	13	kg	canisters	typically	sold	into	their	liter	equivalents	(using	.566kg/L).	
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	3.3.4	 Fuel	Shortages		 In	addition	to	traveling	relatively	long	distances	to	purchase	fuel,	sellers	were	often	unable	to	purchase	fuel	at	all.			Approximately	59	percent	of	the	sample	of	fuel	sellers	reported	experiencing	a	fuel	shortage	in	the	past	year	(de ined	as	any	time	the	seller	attempted	to	buy	but	was	unable	to	obtain	fuel	stocks	for	resale).		Shortages	were	reported	across	all	fuel	types,	as	indicated	in	Table	3.3			
	 				 					Table	3.3:	Fuel	Shortages	by	Fuel	Type	
Fuel	Type	 Percent	of	Sellers	Reporting	




			Figure	3.8:	Reasons	for	Fuel	Shortage			 Looking	 irst	at	the	liquid	fuels,	it	is	clear	that	the	majority	of	sellers	were	uncertain	of	the	causes	of	the	fuel	shortages.		Among	respondents	who	were	able	to	identify	a	speci ic	reason,	pipeline	problems	was	the	most	common	answer.		The	pipeline	in	Kenya	runs	from	Mombasa	to	Nairobi	and	is	an	important	 irst	step	in	the	delivery	system	for	liquid	fuel	from	the	port	to	the	interior	of	the	country.		The	
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kerosene	by	households	for	lighting	and	cooking.		Diesel	fuel	is	more	evenly	split	between	reasons	for	increased	use.		Holidays	remain	an	important	reason	for	above	average	sales	due	to	the	more	frequent	use	of	diesel-burning	matatus,	but	both	the	rainy	season	and	harvest	are	important	factors.		This	result	may	be	explained	by	the	fact	that	most	large	farm	equipment	is	run	on	diesel.		As	a	result,	diesel	sales	are	likely	more	connected	to	the	local	agriculture	cycle	than	are	sales	of	other	fuels,	exhibiting	an	increase	in	demand	during	planting	and	harvest.		Indeed,	if	we	examine	the	peak	sales	graph	for	diesel	in	Figure	3.9,	there	appears	to	be	a	relatively	steady	level	of	reported	“above	average”	sales	throughout	the	year	rather	than	one	large	peak	in	December.		This	indicates	that	diesel	sellers	in	different	agro-ecological	zones	may	face	higher	demands	for	diesel	fuel	at	different	times	based	on	the	particulars	of	their	local	farming	systems.			LPG	sales	appear	highly	tied	to	the	education	system	as	the	return	of	students	to	Moi	University	(in	Upper-Yala),	which	appears	to	drive	the	increase	in	January.		Relatively	wealthy	students	are	more	likely	to	be	able	to	afford	LPG	as	a	fuel	and	are	likely	to	buy	a	new	canister	of	fuel	upon	their	return	to	campus.		Again,	charcoal	stands	out	from	the	liquid	fuels,	in	that	the	dominant	time	for	increased	sales	is	the	rainy	season.		During	the	rains	it	may	be	harder	for	households	to	gather	their	own	 irewood	or	produce	their	own	charcoal,	driving	families	to	seek	out	more	from	the	marketplace.				 		In	this	section	we	have	discussed	the	survey	data	from	our	sample	area	re lecting	the	responses	of	fuel	sellers.		By	looking	the	number	of	stores,	amount	of	fuel	sold,	sources	of	fuel,	fuel	shortages,	and	the	seasonality	of	demand	we	have	
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attempted	to	highlight	important	aspects	of	the	amount	and	nature	of	fuel	sales	within	the	survey	area.		From	here,	we	will	move	on	to	examine	the	data	gathered	about	fuel	users	within	the	commercial	centers.							



















and	kerosene	and	only	slightly	further	to	obtain	diesel	(6	km).		LPG	is	still	dif icult	to	obtain,	likely	a	result	of	the	smaller	number	of	stores	selling	LPG	in	the	survey	area.		Overall,	this	indicates	that	fuel	sellers	within	the	blocks	have	made	fuel	reasonable	easily	available	to	consumers.		However,	we	cannot	account	for	the	fact	that	more	businesses	might	use	a	fuel	type	if	it	were	more	easily	available	in	their	center.	For	instance,	some	businesses	may	not	use	a	petrol	generator	because	petrol	is	not	easily	accessible	nearby.				 Another	method	of	examining	the	availability	of	liquid	fuels	is	the	proportion	of	businesses	indicating	that	they	were	able	to	purchase	fuel	types	from	within	their	own	commercial	center.		This	is	de ined	as	any	business	that	did	not	need	to	travel	outside	of	their	local	community	(on	the	map	in	Figure	3.1	these	are	the	black	dots)	to	 ind	fuel	for	consumption.				 																								Table	3.4:	Local	Purchase	by	Fuel	Type	





boda-bodas	from	each	commercial	center	in	the	sample.		Drivers	were	interviewed	in	each	commercial	center	concurrently	with	the	business	survey.		Interviews	were	conducted	with	drivers	waiting	for	a	customer	or	any	driver	who	arrived	during	the	survey	team’s	visit.		Up	to	ten	boda-boda	drivers	were	interviewed	in	each	center.		In	total,	296	boda-boda	drivers	were	interviewed	in	the	56	commercial	centers	within	the	 ive	survey	blocks.		All	boda-boda	drivers	in	the	sample	were	male	and	were	29	years	old	on	average.		Compared	to	store	owners,	boda-boda	drivers	are	much	less	educated.		While	78	percent	of	the	sample	had	completed	primary	school,	only	25	percent	had	completed	secondary	school	and	only	two	percent	had	any	college	education.					 In	the	second	stage,	we	collected	data	from	matatu	drivers	on	routes	that	served	any	of	the	 ive	survey	blocks.		Thirteen	matatu	routes	were	identi ied	in	the	survey	region;	these	cover	all	matatu	routes	in	the	region.	In	total,	77	matatu	
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			 Examining	the	three	 igures	above,	the	Mid-Yala	block	has	the	highest	transport	fuel	demand	of	the	 ive	blocks	for	both	matatus	and	boda-bodas.		In	total,	transporters	servicing	the	block	consume	approximately	227,000	liters	of	diesel	and	59,000	liters	of	petrol	per	month,	estimated	as	discussed	above.		Users	in	the	Lower-Yala	block	have	the	next	highest	fuel	consumption	followed	by	those	in	Lower-Nyando.		Users	in	the	Mid-Nyando	and	Upper-Yala	blocks	consume	similarly	low	amounts	of	fuel.		It	should	be	noted	that	much	(in	some	cases	most)	of	the	fuel	consumed	by	transporters	within	the	survey	region	was	not	purchased	within	the	block.		Many	







































dependent	variable	of	interest	(Y)	is	the	per	unit	price	of	fuel	as	it	was	reported	by	energy	sellers	in	the	commercial	center	survey.		As	before,	we	 ix	the	standard	unit	as	a	liter	of	fuel.		Our	choice	of	independent	variables	re lects	the	distribution	bottlenecks	that	were	identi ied	in	the	policy	review	and	in	the	survey	summary	statistics	reviewed	above.			Using	the	commercial	center	data,	we	are	able	to	investigate	the	impacts	of	the	poor	physical	infrastructure,	low	degree	of	market	competition,	and	underservice	by	oil	marketing	companies	(OMCs)	on	the	fuel	prices	paid	by	rural	consumers.		The	follow	equation	presents	a	general	reduced	form	model	using	these	three	main	factors	as	the	determinants	of	per	unit	price.			
		 To	estimate	this	model,	we	have	identi ied	four	principal	independent	variables	within	the	data	set	that	serve	as	a	proxy	for	each	of	these	factors.		The	 irst	variable	of	interest	is	a	consumer’s	access	to	large	oil	marketing	companies	(OMC).		For	the	 irst	of	two	proxies	for	this	variable,	we	use	survey	data	on	the	distance	each	energy	seller	traveled	to	their	fuel	source.		Most	independent	energy	sellers	purchase	their	fuel	from	larger	OMCs	for	resale	in	their	local	communities.		In	areas	with	poor	market	penetration	by	these	 irms,	independent	energy	sellers	will	have	to	travel	greater	distances	in	order	to	secure	their	fuel	supplies.		The	further	a	seller	must	travel,	the	higher	that	business’	transport	costs	are	likely	to	be.		Many	of	these	businesses	will	then	pass	on	some	of	those	extra	costs	to	their	customers	in	the	form	of	higher	prices.			Thus,	a	region	that	is	underserved	by	ef icient	oil	marketing	
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companies	is	likely	to	have	high	fuel	prices	as	individual	sellers	travel	large	distances	to	provide	fuel	to	the	customers	in	the	area.			However,	we	expect	that	this	effect	will	be	non-linear,	and	thus	hypothesize	that	the	effect	of	distance	on	prices	follows	a	quadratic	form	with	diminishing	marginal	effects.		The	reasoning	behind	the	quadratic	assumption	is	that	much	of	the	cost	of	transport	occurs	at	shorter	distances,	when	a	business	is	forced	to	move	from	a	cheap	type	of	transport	to	a	more	expensive	one.		For	example,	at	very	short	distances,	a	business	may	be	able	to	rent	a	handcart	or	bicycle	to	transport	fuel.		After	a	few	kilometers	it	is	necessary	to	use	a	much	more	expensive	boda-boda	or	
matatu.		However,	once	the	jump	to	a	more	expensive	form	transport	has	been	paid	for,	further	cost	increases	according	to	distance	traveled	will	rise	much	more	slowly.		For	these	reasons,	our	hypothesis	is	that	the	coef icient	on	distance	traveled	will	be	positive	and	the	coef icient	on	the	square	of	distance	will	be	negative.		This	implies	a	positive	effect	of	distance	to	fuel	source	on	price	but	with	decreasing	marginal	effects.					 Our	second	proxy	for	OMC	access	is	simply	a	dummy	variable	for	whether	or	not	an	energy	seller	is	classi ied	as	a	gas	station	(yes	=	1;	no	=	0).		Gas	stations	are	de ined	as	any	energy	seller	that	uses	a	metered	pump	to	dispense	liquid	fuel.			Gas	stations	are	able	to	operate	much	more	ef iciently	than	independent	sellers	that	do	not	have	a	gas	pump.		Gas	pumps	allow	fuel	to	be	stored	more	effectively	and	allow	sellers	to	accurately	charge	for	irregular	quantities	of	fuel.		Gas	stations	are	also	more	easily	able	to	sell	to	vehicles,	increasing	their	volume	sold	and	allowing	sellers	to	achieve	economies	of	scale.		Additionally,	all	but	one	of	the	gas	stations	captured	
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in	the	commercial	center	survey	were	actually	owned	and	operated	by	larger	OMCs.		This	implies	that	the	gas	stations	are	part	of	a	larger	ef icient	distribution	network,	further	reducing	transaction	costs.		The	combined	effect	of	these	ef iciency	gains	makes	it	likely	that	gas	stations	are	able	to	sell	cheaper	fuel	than	other	energy	sellers.		Thus,	our	hypothesis	is	that	the	coef icient	on	the	gas	station	dummy	variable	will	be	signi icantly	negative.				 The	second	variable	of	interest	is	the	quality	of	physical	infrastructure	serving	a	commercial	center.		To	estimate	the	impact	of	infrastructure’s	effects,	we	use	a	proxy	dummy	variable	for	whether	or	not	the	commercial	center	was	serviced	by	a	tarmac	road	(yes	=	1;	no	=	0).			Paved	roads	are	important	for	fuel	prices	as	they	lower	transport	costs	for	energy	sellers.		In	areas	without	paved	roads,	seasonal	rains	can	make	delivery	of	fuel	by	truck,	or	even	matatu,	unviable.		This	limits	transport	options	to	boda-bodas	or	manual	labor,	both	of	which	are	more	expensive	and	constrain	the	amount	of	fuel	that	can	be	transported	at	one	time.		These	increased	transport	costs	will	likely	be	passed	onto	consumers.		For	this	reason,	our	hypothesis	is	that	the	coef icient	on	the	tarmac	variable	will	be	negative.			The	last	important	variable	in	our	general	model	is	the	level	of	competition	in	the	energy	market.		To	account	for	competition,	we	use	data	on	the	number	of	energy	sellers	servicing	a	given	commercial	center.		This	number	presumably	re lects	the	energy	market	competition	in	each	commercial	center.		If	there	is	only	one	provider	of	fuel	within	a	commercial	center,	then	as	a	local	monopoly	that	business	may	charge	higher	prices.		Conversely,	commercial	centers	with	multiple	energy	sellers	will	have	greater	competition	and	lower	fuel	prices.		Therefore,	our	
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hypothesis	is	that	variable	representing	the	number	of	stores	in	each	commercial	center,	a	proxy	for	level	of	competition	in	the	local	fuel	market,	will	have	a	negative	coef icient.	In	addition	to	the	main	variables	of	interest	we	also	include	a	vector	of	variables	(X),	which	contain	controls	for	the	type	of	fuel	sold	and	for	the	unit	size	(such	as	a	kibaba)	being	sold.			These	controls	will	account	for	the	inherent	price	differences	between	fuel	types	and	differences	due	to	volume.			With	these	variables	speci ied,		our	general	model	becomes	the	following	reduced	form	equation:	








commercial	centers.		The	average	number	of	stores	in	centers	with	a	tarmac	road	is	3.6,	while	centers	without	a	tarmac	road	have	a	mean	of	3.2	stores	in	the	survey	region.		This	is	consistent	with	our	hypothesis	that	improved	infrastructure	would	improve	access	to	fuels.		Additionally,	as	we	discussed	previously,	tarmac	roads	are	constructed	randomly	through	commercial	centers,	which	reduces	the	possibility	that	stores	are	attracted	commercial	centers	with	pre-existing	low	prices.		In	addition,	we	also	assume	that	distance	traveled	to	fuel	source	and	gas	stations	are	exogenous.		Fuel	prices	in	a	commercial	center	are	unlikely	to	in luence	travel	distances	between	the	center	and	distribution	points.		Similarly,	prices	in	a	commercial	center	are	unlikely	to	in luence	whether	or	not	a	business	operates	a	fuel	pump.			A	 inal	econometric	problem	is	that	there	may	be	spatial	correlation	between	the	error	terms	of	the	model.		In	the	data	set,	there	are	multiple	energy	seller	observations	(up	to	six	individual	businesses)	drawn	from	each	commercial	center.		Given	the	common	market	environment	shared	within	each	commercial	center,	it	is	possible	that	unobserved	variables	associated	with	an	individual	center	will	impact	prices	for	each	local	business	in	the	same	way.		This	common	“shock”	will	cause	error	correlation	between	businesses	located	within	the	same	commercial	center.		Spatial	correlation	of	this	type	would	violate	our	“i.i.d.”	(independent	and	identically	distributed)	error-term	assumption,	and	cause	our	usual	standard	error	calculations	to	be	inconsistent.		A	simple	Breusch-Pagan	test	returned	a	Chi-squared	test	statistic	of	9.94,	which	suggests	that	our	error	terms	may	indeed	be	correlated.		However,	we	
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can	maintain	our	assumption	that	errorterms	are	independent	across	our	commercial	center	groups.	To	adjust	for	this	problem,	we	use	“cluster-robust”	standard	errors	grouped	at	the	commercial	center	level.			This	correction	will	account	for	correlation	within	commercial	centers	by	calculating	a	cluster-robust	variance-covariance	matrix15.		The	cluster-robust	matrix	is	calculated	by	 irst	summing	the	squared	errors	from	the	regression	within	each	of	the	56	commercial	centers	groups,	and	then	adding	these	squares	across	all	groups.	This	correction	allows	for	accurate	hypothesis	testing	in	the	face	of	either	heteroskedasticity	or	intra-group	correlation	in	the	error	terms.					 Now	that	the	model	and	key	variables	in	our	equation	have	been	described,	we	present	the	results	obtained	from	OLS	regression	in	Table	4.2	below.		The	dependent	variable	in	this	regression	is	the	per	unit	price	of	fuel.																																																																	15	The	cluster-robust	variance-covariance	matrix	is	given	by	the	following	formula	taken	from	Cameron	and	Trivedi	(2005):	
	Where	 	is	a	matrix	of	the	within	cluster	observations	and		 are	the	estimated	errors	from	the	regress	equation.		This	formula	places	no	restrictions	on	heteroskedasticity	and	correlation	within	the	cluster	and	is	consistent	as	the	number	of	clusters	approaches	in inity.					
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Table	4.2:	Linear	Regression	Results		 	VARIABLES	 Per	Unit	Price		 	Distance	to	Fuel	Source	 0.312**	(0.127)		Distance	Squared	 -0.00180**	(0.000774)	Gas	Station	 -8.962***		 (2.303)	Tarmac	 -3.539		 (2.446)	Number	of	Stores	 -1.684		 (1.041)	Petrol	 -2.754		 (3.352)	Diesel	 -19.04***		 (3.853)	Kerosene	 -30.05***		 (4.183)	Constant	 134.7***		 (5.630)		 	Observations	 137	R-squared	 0.911	Probability	>	F		 0.000	Cluster	standard	errors	in	parentheses	***	p<0.01,	**	p<0.05,	*	p<0.1			 Table	4.2	above	reports	the	beta	coef icients	and	cluster	standard	errors	for	our	four	main	variables	of	interest	and	three	fuel	types	(LPG	is	the	base	case).		Both	the	0.91	R-squared	and	the	F-statistic	of	1281.1	(p-value<.01)	from	a	joint	signi icance	test	indicate	that	overall	model	has	strong	explanatory	power.		However,	this	level	of	 it	is	largely	a	consequence	of	the	dummy	variables	for	
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kerosene,	petrol,	and	diesel,	as	prices	tend	to	move	incrementally	around	a	mean	fuel	price.			 Our	 irst	variable	of	interest,	distance	to	fuel	source,	has	a	positive	coef icient	of	0.312	on	its	linear	component	and	a	negative	coef icient	of	-0.0018	on	the	quadratic.		Both	of	these	coef icients	are	signi icant	at	the	 ive	percent	level.		This	implies	that	at	short	distances	the	marginal	effect	of	one	more	kilometer	increases	price	by	approximately	0.3	KES.		However,	the	marginal	impact	decreases	at	larger	distances.		At	20	kilometers	(the	mean	distance	in	our	sample),	the	marginal	impact	of	increasing	the	distance	to	the	fuel	source	by	one	kilometer	is	only	0.24	KES.			This	effect	is	economically	as	well	as	statistically	signi icant,	as	it	implies	a	fuel	price	increase	of	6.38	KES	at	20	kilometers.		These	results	con irm	our	hypothesis	that	distance	to	fuel	source	has	a	positive	impact	on	prices	with	decreasing	marginal	effects	as	distance	increases.				 The	second	main	explanatory	variable,	the	seller	being	a	gas	station,	has	a	coef icient	of		-8.96	that	is	signi icant	at	the	one	percent	level.		This	coef icient	indicates	that	businesses	that	use	a	fuel	pump	sell	fuel	nearly	nine	KES	per	liter	cheaper	on	average.		Nine	schillings	represents	a	nine	percent	lower	price	from	the	mean	liter	price	of	kerosene	(100	KES)	in	the	sample.		This	result	clearly	indicates	cost	savings	that	ef icient	fuel	distributors	can	pass	onto	consumers.			Consumers	in	rural	areas	without	access	to	the	larger	OMCs	that	use	a	fuel	pump	technology	immediately	pay	nearly	10	percent	more	than	consumers	with	access.		This	result	con irms	our	hypothesis	that	gas	stations	will	have	a	highly	negatively	impact	on	fuel	prices.			
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	 The	coef icient	on	the	tarmac	variable	is	-3.54,	but	is	not	statistically	signi icant,	with	a	p-value	of	0.15.		The	coef icient	indicates	that	a	tarmac	road	leads	to	a	lower	average	fuel	price	by	3.5	KES,	which	is	in	line	with	our	hypothesis.		However,	this	estimate	is	uncertain	and	we	cannot	rule	out	the	null	hypothesis	that	the	effect	of	tarmac	roads	on	fuel	prices	is	zero.		One	possibility	for	the	non-result	is	that	the	correlation	between	gas	stations	and	tarmac	roads	is	just	high	enough	that	our	OLS	estimator	has	dif iculty	differentiating	their	separate	effects.		To	the	extent	that	a	tarmac	road	encourages	the	location	of	gas	stations	in	certain	commercial	centers,	these	two	effects	may	be	linked.				 Similarly,	the	coef icient	on	the	number	of	stores	selling	fuel	in	a	commercial	center	is	-1.68,	but	is	not	statistically	signi icant,	with	a	p-value	of	0.11.		The	coef icient	estimate	implies	that	the	presence	of	each	additional	energy	seller	in	a	commercial	center	lowers	fuel	prices	by	about	1.7	KES.		Again,	the	direction	of	the	coef icient	con irms	our	intuition,	but	we	cannot	rule	out	the	null	hypothesis	that	the	impact	of	the	number	of	stores	on	fuel	prices	is	zero.			 	
	
4.3	 Robustness	Checks		 In	this	section	we	will	break	down	the	results	present	presented	above	in	Table	4.2	to	test	their	strength.		The	 irst	robustness	check	examines	the	assumption	that	the	liquid	fuels	are	each	affected	equally	by	distribution	network	constraints.		The	previous	results	used	data	from	petrol,	diesel,	kerosene,	and	LPG	pooled	together.		It	is	then	reasonable	to	question	whether	the	results	discussed	above	pertain	to	all	fuels	together	or	to	each	fuel	type	individually	(e.g.,	a	subset	of	the	
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sample).		To	answer	this	question,	we	present	the	same	OLS	regression	results	for	kerosene,	petrol,	and	diesel	separately	in	Table	4.3.		LPG	is	omitted	because	there	are	only	six	LPG	sellers	who	also	reported	the	distance	to	their	fuel	source	and	regression	omits	most	variables	due	to	colinearity.		As	before,	the	dependent	variable	in	each	regression	is	per	unit	price	of	fuel.												Table	4.3:	Linear	Regression	Results	by	Fuel	Type		 (1)	 (2)	 (3)	VARIABLES	 Kerosene	 Petrol	 Diesel		 	 	 	Distance	to	Fuel	Source	 0.349**	 0.111	 0.299		 (0.164)	 (0.253)	 (0.358)	Distance	Squared	 -0.00208**	 -0.00285	 -0.00433		 (0.000926)	 (0.00467)	 (0.00584)	Gas	Station	 -15.82***	 -4.072*	 -1.702		 (4.227)	 (2.021)	 (2.446)	Tarmac	 -1.815	 -11.80***	 -2.084		 (2.995)	 (2.525)	 (5.202)	Number	of	Stores	 -1.878	 -1.018	 -0.258		 (1.533)	 (0.795)	 (0.710)	Constant	 104.7***	 132.0***	 109.2***		 (5.053)	 (3.454)	 (4.597)		 	 	 	Observations	 95	 17	 18	Probability>	F	 0.000	 0.001	 0.803		 	 	 	Cluster	standard	errors	in	parentheses	***	p<0.01,	**	p<0.05,	*	p<0.1			 Table	4.3	above	shows	that	the	data	from	kerosene	sellers	is	the	primary	driver	behind	the	pooled	results.		Kerosene	observations	make	up	69	percent	of	the	total	sample	size.			Additionally,	the	estimated	coef icients	and	signi icance	levels	from	the	kerosene	regression	are	quite	similar	to	the	pooled	results.		However,	both	the	petrol	and	diesel	regression	coef icients	agree	in	sign	with	those	in	the	kerosene	
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		 	Table	4.4:	Alternative	Model	Regressions		 Alternative	1	 Alternative	2	VARIABLES	 Log-Price	 Price		 	 	Log-Distance	to	Fuel	Source	 0.0181**	 		 (0.00854)	 	Distance	to	Fuel	Source	 	 0.137*		 	 (0.0790)	Station	 -0.0700***	 -8.207***		 (0.0147)	 (1.989)	Tarmac	 -0.0316	 -3.610		 (0.0217)	 (2.448)	Number	of	Stores	 -0.0122	 		 (0.00896)	 	Petrol	 -0.0402	 -2.747		 (0.0244)	 (3.737)	Diesel	 -0.183***	 -20.33***		 (0.0238)	 (3.832)	Kerosene	 -0.293***	 -30.63***		 (0.0270)	 (4.390)	Constant	 4.921***	 131.9***		 (0.0448)	 (4.736)		 	 	Observations	 135	 137	R-squared	 0.874	 0.906	Probability	>	F	 0.000	 0.000		 	 	Cluster	standard	errors	in	parentheses	***	p<0.01,	**	p<0.05,	*	p<0.1			 The	proposed	alternative	models	produce	results	similar	to	the	base	regression	equation.		Both	the	signs	and	signi icance	levels	on	the	coef icients	largely	remain	the	same	in	each	regression.		The	only	exception	is	that	distance	to	fuel	source	is	only	signi icant	at	the	ten	percent	level	in	the	linear	model.		Furthermore,	neither	alternative	model	appears	to	present	a	better	 it	than	our	original	base	case	regression,	with	all	three	models	explaining	the	data	similarly	(although	a	direct	comparison	of	the	log-log	model	with	the	linear	models	is	
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impossible).		The	consistency	in	estimates	between	these	models	seems	to	support	the	validity	of	our	original	results.		 In	sum,	the	regression	analysis	above	identi ies	some	of	the	many	failures	in	the	fuel	supply	chain	and	attempts	to	quantify	their	impacts	on	fuel	prices	paid	by	rural	consumers.		These	variables	can	offer	a	strong	explanation	for	the	curious	fact	that	the	poorest	rural	consumers	often	pay	the	highest	per	unit	fuel	prices.			The	two	most	important	factors	that	increase	fuel	costs	in	rural	communities	are	the	lack	of	access	to	gas	stations	and	long	distances	traveled	by	energy	sellers	to	their	fuel	sources.		Without	the	bene it	of	transportation,	poor	consumers	are	less	likely	to	be	able	to	access	gas	stations	and	will	be	con ined	to	purchasing	fuel	from	local	community	sources.		This	excludes	these	consumers	from	signi icant	savings,	as	gas	stations	are	by	far	the	cheapest	suppliers	of	liquid	fuel,	averaging	nearly	9	KES	less	per	liter	than	their	competitors.		There	are	a	number	of	factors	that	likely	led	to	these	lower	prices,	including	higher	sales	volume	allowing	economies	of	scale,	access	to	ef icient	long	distance	transport	networks,	and	more	ef icient	operating	technologies	(e.g.,	electric	gas	pumps)	which	reduce	transaction	costs.				 The	distance	traveled	to	fuel	sources	is	the	other	most	important	factor	in	determining	fuel	prices.		Independent	energy	sellers	that	service	rural	communities	need	to	transport	their	fuel	from	a	distributor,	often	located	at	a	signi icant	distance,	to	their	store.		These	extra	transport	costs	are	passed	onto	consumers,	with	a	20	kilometer	distance	being	associated,	on	average,	with	a	6	KES-plus	increase	in	per	liter	price.		These	large	distances	traveled	by	energy	sellers	are	also	related	to	the	low	number	of	gas	stations	in	rural	areas.		When	sellers	are	located	too	far	from	the	
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larger	supply	depots	present	in	larger	cities,	they	will	often	purchase	fuel	from	closer	gas	stations	for	resale	in	their	local	communities.		However,	if	these	gas	stations	are	also	far	from	the	commercial	center,	energy	sellers	will	continue	to	transport	fuel	long	distances.		Therefore,	being	isolated	from	gas	stations	not	only	restricts	consumers’	access	to	the	cheap	fuel	they	provide,	it	increases	the	costs	of	fuel	provided	by	other	local	independent	sellers,	and	in	turn	to	the	consumers	purchasing	fuels	from	these	sellers.					 The	two	less	important	distribution	problems	are	the	lack	of	tarmac	roads	and	relatively	uncompetitive	fuel	markets.		The	presence	of	a	paved	road	servicing	a	commercial	center	was	associated	with	a	3.5	Kenyan	Schilling	(KES)	per	liter	drop	in	average	fuel	prices.		While	this	result	is	more	ambiguous	than	those	related	above,	it	nonetheless	suggests	that	poor	road	infrastructure	plays	a	role	in	increasing	rural	fuel	prices.				 The	number	of	energy	sellers	in	a	commercial	center	also	appeared	to	have	an	impact	on	local	fuel	prices.		Every	additional	business	that	sold	energy	in	a	community	was	associated	with	an	average	1.7	KES	per	liter	drop	in	fuel	prices.		As	with	the	result	for	the	presence	of	tarmac	roads,	this	estimate	is	somewhat	ambiguous,	but	again	provides	suggestive	evidence	that	increasing	the	competitiveness	of	energy	markets	can	have	a	positive	impact	on	rural	fuel	prices.				 			 		 		 	
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CHAPTER	5		HOUSEHOLD	ENERGY	USE			 	The	subject	of	household	energy	use	in	developing	countries	has	garnered	signi icant	attention	from	both	academics	and	policymakers.		Of	particular	interest	in	the	literature	are	issues	regarding	how	much	the	poor	spend	on	energy	and	how	their	energy	choice	and	purchasing	decisions	are	made.		A	basic	pattern	observed	across	countries	worldwide	is	that	poor	households	tend	to	spend	a	signi icantly	higher	percentage	of	their	income	on	fuel	than	wealthier	ones.		Some	studies	in	Sub-Saharan	Africa	have	found	that	poor	households	can	spend	over	20	percent	of	their	income	on	fuel	(World	Bank,	2005).		At	the	same	time,	poorer	households	consume	relatively	small	amounts	of	modern,	commercialized	fuels	(petrol,	diesel,	LPG).		In	many	cases,	poor	households	do	not	buy	any	modern	fossil	fuels	at	all	(Bacon,	et	al.,	2010).			This	dichotomy	–	that	poorer	households	spend	a	higher	percentage	of	their	income	for	inferior	energy	products	–	has	raised	questions	about	how	to	decrease	the	burden	of	energy	purchases	on	poor	consumers.		However,	in	order	to	answer	this	question,	the	details	of	how	households	make	energy	consumptions	decisions	must	 irst	be	understood.		For	example,	for	governments	seeking	to	reduce	energy	subsidies	the	negative	welfare	effects	on	poor	households	are	an	important	consideration.		But	if	poor	households	do	not	spend	signi icant	amounts	of	their	energy	budgets	on	modern	fuels,	then	subsidies	would	not	be	helping	the	poor	in	the	 irst	place.		To	address	this	problem,	detailed	information	is	needed	about	
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household	consumption	behavior	and	decision-making	processes.			In	the	following	sections	we	brie ly	summarize	some	of	the	current	evidence	on	household	energy	consumption	patterns	throughout	the	developing	world.				
5.1	 	Energy	Ladder	Hypothesis			 The	early	literature	on	energy	use	in	developing	communities	frequently	noted	distinct	consumption	patterns	across	different	socio-economic	groups.		In	Nepal,	Bajracharya	(1983)	found	that	energy	fuel	types	differed	according	to	the	social	class	of	the	household.		Households	of	higher	social	class	consumed	more	commercially	traded	fuels	than	did	households	of	lower	social	class.		Similarly,	in	a	study	based	in	Kenya,	Barnes,	et	al.	(1985)	found	that	fuel	consumption	mixes	were	dependent	on	the	household’s	level	of	integration	into	the	market	economy.		More	integrated,	and	thus	richer,	households	used	petroleum	products	at	higher	rates	than	more	did	household	less	highly	integrated	into	the	market	economy.			Alam,	et	al.	(1985)	reported	that	household	fuel	decisions	across	India	corresponded	directly	with	income	levels.		Higher	income	households	were	much	more	likely	to	choose	petroleum-based	commercial	fuels	over	biomass	resources	across	a	wide	set	of	communities.		Overall,	the	early	literature	on	household	energy	use	supported	the	concept	that	energy	use	was	strongly	linked	to	a	household’s	socio-economic	status.	From	these	early	studies	emerged	the	energy	ladder	hypothesis	of	household	fuel	choice.		Under	this	theory,	households	behave	like	a	rational	consumer,	choosing	cleaner,	ef icient,	and	more	expensive	energy	sources	as	their	incomes	increase.		While	poor	households	will	burn	biomass	in	the	form	of	wood,	charcoal,	
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and	crop	residues,	wealthier	households	will	opt	to	consume	kerosene,	LPG,	and	electricity.		In	this	model,	 irewood,	charcoal,	and	crop	reside	are	inferior	economic	goods	thus	implying	that	households	will	switch	away	from	them	as	incomes	rise.		Fuel	switching	is	an	integral	part	of	the	energy	ladder,	as	a	move	“up”	to	a	new	fuel	implies	a	move	away	from	the	previously	consumed	fuel.		The	energy	ladder	concept	was	largely	assumed	in	the	early	literature	of	developing	world	energy	consumption.		More	recently,	however,	attention	has	been	devoted	to	testing	the	validity	of	this	assumption.	An	early	examination	of	the	energy	ladder	hypothesis	came	from	Hosier	and	Dowd	(1987).		Applying	a	multinomial	logit	approach	to	a	data	set	from	Zimbabwe,	they	studied	the	factors	that	in luence	households	fuel	choices.		Their	results	largely	supported	the	energy	ladder	formulation	as	they	found	that	households	do	move	away	from	wood	into	kerosene	and	then	electricity	as	incomes	rise.		However,	Hosier	and	Dowd	also	identi ied	several	other	factors	that	are	important	in	determining	household	fuel	choices	besides	income.		Speci ically,	household	size,	 irewood	scarcity,	and	fuel	prices	all	had	a	signi icant	impact	on	which	energy	sources	a	household	chose	to	consume.				 While	Hosier	and	Dowd’s	 indings	lent	credence	to	the	energy	ladder	approach,	more	recent	studies	have	found	that	the	impact	of	income	on	fuel	choice	is	weaker	than	earlier	assumed.		In	a	review	of	global	 irewood	use,	Arnold,	et	al.	(2006)	found	that	estimated	income	elasticities	for	 irewood	in	developing	countries	were	very	low	and	frequently	insigni icant.		In	a	few	cases,	they	even	found	that	 irewood	operated	as	a	normal	good	with	positive	income	elasticity.		
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Similarly,	Cooke,	et	al.	(2008)	found	that	fuelwood	demand	in	developing	countries	was	income	and	own-price	inelastic.			Few	households	substituted	away	from	 irewood	despite	policymakers’	efforts	to	encourage	modern	fuel	use.		Wood	remained	an	important	source	of	fuel	for	households	even	at	the	upper	end	of	the	income	spectrum.				 More	recently,	Hiemstra-van	der	Horst	and	Hovorka	(2008)	sought	to	assess	the	energy	ladder	by	investigating	household	energy	use	in	Botswana.		Their	 indings	suggest	that	while	energy	use	varies	between	high	and	low	income	households,	the	transition	from	“poor”	fuels	to	modern	fuels	is	more	complicated	than	a	simple	switching	model.		Indeed,	they	found	that	the	labeling	of	 irewood	and	charcoal	as	“poor”	fuels	itself	to	be	an	oversimpli ication	of	reality,	since	wealthier	households	continue	to	use	biomass	fuels	for	basic	energy	needs	even	as	their	incomes	rose.		These	households	instead	often	supplement	their	energy	consumption	with	more	modern	fuels,	rather	than	replacing	biomass	outright.				 Furthermore,	some	studies	have	found	that	fuel	adoption	is	not	a	unidirectional	process.			Households	that	have	previously	adopted	a	more	modern	technology	may	switch	back	to	traditional	fuel	sources.		Wickramasinghe	(2011)	found	that	households	in	Sri	Lanka	would	often	abandon	LPG	and	move	back	to	fuelwood	consumption	in	response	to	higher	market	prices	for	LPG.		Maconachiea,	et	al.	(2009)	observed	households	outside	Kano,	Nigeria	increasing	their	consumption	of	biomass	after	having	previously	used	petroleum-based	products.	The	change	in	behavior	was	in	response	to	increasing	petroleum	prices,	which	made	fuelwood	and	charcoal	a	more	attractive	option.			
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	 The	above	evidence	suggests	that	while	income	plays	a	role	in	households’	decisions	to	use	modern	fossil	fuel-based	energy	sources,	the	idea	of	an	energy	ladder	does	not	accurately	describe	this	transition.		Instead,	households	appear	to	be	adopting	new	energy	sources	that	are	only	a	partial	substitute	for	traditional	fuels	(Van	der	Kroon,	2013).							 			








increase	the	chance	that	an	energy	source	may	become	unaffordable	in	the	short	run.			 Lastly,	Maser,	et	al.	(2002)	 ind	that	cultural	factors	also	play	a	role	in	energy	stacking	behavior.		Tradition	and	taste	preferences	may	make	fuelwood	an	indispensible	part	of	cooking	in	certain	cultures.		So,	while	a	household	may	be	able	to	afford	and	have	access	to	more	modern	fuels,	they	may	choose	not	to	use	them	in	response	to	tradition	or	social	factors.				 	Overall,	the	energy-stacking	model	has	gained	support	in	the	literature.					However,	there	remain	a	few	points	of	contention.		First,	the	exact	shape	of	the	curve	between	income	and	the	number	of	fuels	used	by	a	household	is	unclear.		Heltberg	(2005)	 inds	an	inverted	“U”	relationship	between	income	and	the	number	of	fuels	consumed	by	households.		As	very	poor	households	increase	their	incomes,	they	demonstrate	increased	fuel	stacking	behavior.		However,	at	upper	ends	of	the	income	spectrum,	households	reduce	the	numbers	of	fuels	they	use,	opting	instead	to	exclusively	consume	modern	forms	of	energy.		Conversely,	Mirza	and	Kemp	(2009)	 ind	that	households	do	not	switch	away	from	biomass	fuels	even	at	high	incomes.		They	 ind	that	households	place	a	high	premium	on	energy	sources	that	are	in	close	proximity	to	them.		Thus,	even	wealthy	households	that	are	distant	from	sources	of	modern	fuels	are	likely	to	continue	to	use	biomass	for	their	energy	needs.			Second,	the	speci ic	drivers	behind	multiple-fuel	use	by	households	continue	to	be	debated.		Examples	of	factors	that	have	been	identi ied	as	important	in	determining	fuel	use	are	education,	gender,	household	size,	and	proximity	to	fuel	sources	(Hosier	and	Dowd,	1987;	Heltberg,	2005;	Pundo	and	Fraser,	2006).		All	of	
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these	factors	have	been	found	to	be	important	in	some	geographic	contexts	but	not	in	others.		However,	despite	these	points	of	ambiguity,	the	recent	literature	seems	to	have	reached	a	consensus	in	favor	of	the	general	energy-stacking	model.				
5.3	 Western	Kenya	Household	Survey			 We	now	turn	to	evaluate	the	energy-stacking	model	in	the	context	of	our	case-study	country,	Kenya.		By	examining	energy	use	patterns	in	Western	Kenya,	we	can	see	if	households	in	the	region	exhibit	behaviors	similar	to	those	described	in	the	literature.		To	this	end,	we	use	a	detailed	household	data	set	collected	from	the	area	around	Kisumu,	Kenya	to	see	if	wealthier	households	adopt	modern	fuels	at	higher	rates	than	poorer	households	while	also	maintaining	high	levels	of	biomass	consumption.		Household-level	data	on	energy	use	and	consumption	were	collected	as	part	of	a	detailed	household	survey	conducted	in	Western	Kenya	from	September	2011	to	May	2012.		This	survey	was	conducted	by	Julia	Berazneva16	and	her	 ield	team	from	the	same	 ive	research	blocks	–	Lower-Nyando,	Mid-Nyando,	Lower-Yala,	Mid-Yala,	and	Upper-Yala	–	as	the	commercial	center	survey	data	described	above	(see	Figure	3.1).		Within	each	10x10	km	block,	three	sub-locations	(Kenya’s	lowest	administrative	unit)	were	chosen	at	random	to	be	surveyed.			Subsequently,	a	list	of	villages	in	each	sub-location	was	compiled	from	which	three	villages	were	chosen	at	random,	one	from	each	sub-location.		Finally,	a	list	of	households	was	then	gathered	for	each	village	from	which	twenty-one	households	were	randomly	chosen	for	an																																																							16	PhD	Candidate	in	Dyson	School	of	Applied	Economics	and	Management,	Cornell	University.	
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interview	and	survey.	In	total,	the	survey	contacted	315	households	–	twenty-one	households	from	each	of	the	three	villages	in	each	of	the	 ive	research	blocks.	The	household	data	were	collected	in	two	rounds	in	order	to	capture	the	two	distinct	cropping	seasons	that	are	present	in	some	of	the	research	blocks.		The	 irst	round	took	place	from	October	2011	until	January	2012.			Information	was	collected	on	household	production	activities	during	the	“long	rains”	(March	to	May)	in	2011,	including	income	sources,	resource	endowments,	labor	availability,	and	socio-economic	characteristics	such	as	household	composition,	educational	background,	and	labor	market	participation.	The	second	interview	round	took	place	from	February	2012	to	May	2012	and	entailed	re-visiting	the	same	households.			The	second	round	of	the	survey	collected	information	on	household	production	activities	during	the	“short	rains”	(October	to	November)	in	2012,	household	assets,	knowledge	of	climate	change,	as	well	as	residential	energy	use.		The	 irst	round	surveyed	315	households	while	the	second	round	reached	only	313	households	due	to	household	migration	and	refusals.			This	study	uses	data	collected	from	both	rounds	of	the	survey,	but	focuses	primarily	on	the	domestic	energy	use	data	collected	in	the	second	round	from	February	to	May	2012.		The	following	section	examines	this	data	in	the	context	of	the	analysis	above	of	commercial	centers		in	Western	Kenya	as	well	as	the	previous	literature	on	household	fuel	choice.		In	particular,	we	examine	the	data	for	evidence	regarding	the	current	theory	of	energy	stacking.		To	do	this,	we	analyze	total	household	expenditures	on	fuel	and	how	both	expenditures	and	fuel	choice	vary	with	income.		
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	5.3.1	 Households	
		 Our	study	sample	includes	the	313	households	that	were	randomly	selected	from	the	 ive	survey	regions	and	that	were	interviewed	in	both	rounds	of	the	survey.		For	the	purposes	of	the	study,	a	household	was	de ined	as	a	group	of	individuals	living	in	the	same	compound	who	share	a	common	source	of	resources	and	income.		Summary	statistics	are	given	in	Table	5.1.			
Table	5.1:Household	Demographics		 Average	 Minimum	 Maximum		 	 	 	Head	of	Household	Age	 51	 20	 90	Household	Size	 6	 1	 13	Head	of	Household	Years	of	Education	 6.8	 0	 18	Household	Income	 147,000	 0	 3,674,000	Dependency	Ratio	 1.1	 0	 6	Percent	Married	 77%	 -	 -	Percent	Male	 80%	 -	 -		On	average,	each	survey	household	is	comprised	of	six	people,	for	which	the	head	of	household	is	51	years	old	and	has	6.8	years	of	education.		This	is	approximately	equivalent	to	a	partial	primary	education,	but	depends	on	year	the	participant	was	born.		For	individuals	born	before	1978,	primary	school	lasted	seven	years	while	for	individuals	born	after	this	year	primary	school	lasted	for	eight	years.		Heads	of	households	are	80	percent	male	and	77	percent	are	currently	married	(the	remainder	are	either	separated	or	widowed,	while	less	than	one	percent	were	never	
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						Table	5.1:	Income	Quintiles		 1st	 2nd	 3rd	 4th	 5th		 	 	 	 	 	Average	Annual	Income	(KES)	 14,500	 40,800	 83,400	 144,600	 459,800	Minimum	Income	(KES)	 0		 27,000	 60,800	 111,100	 180,400	Maximum	Income	(KES)	 26,500	 60,200	 110,600	 180,000	 3,627,000	Observations	 63	 63	 62	 64	 61		 	 	 	 	 	
Note:	As	of	the	exchange	rate	on	January	1,	2012,	10,000	KES	=	$120	(US),	and								
100,000	KES	=	$1,196	(US).		





































	 This	 igure	shows	a	steady	increase	in	the	number	of	vehicles	per	household	as	income	rises.		Motorcycles	are	the	 irst	to	be	adopted	in	the	second	quintile,	as	
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Note:	Households	that	reported	zero	income	are	not	included	in	this	 igure.					 This	 igure	shows	a	clear	negative	relationship	between	total	household	income	and	the	share	of	income	devoted	towards	energy.		The	poorest	households	spend	38	percent	of	their	total	income	on	energy,	by	far	the	largest	share	of	any	group.		Compared	to	evidence	in	the	previous	literature	this	is	a	very	high	percentage,	almost	twice	the	normal	20	percent	estimate	of	how	much	poor	households	typically	spend	on	fuel	(World	Bank,	2005).		It	is	possible	that	dif iculties	in	calculating	income	for	very	poor	households	are	responsible	for	our	high	estimate.		For	example,	if	a	household	has	irregular	income	throughout	the	year,	then	some	signi icant	but	infrequent	earnings	may	not	have	been	captured	in	the	household	survey.		This	would	cause	an	underestimation	of	total	household	income	and	therefore	an	overestimation	of	the	percentage	spent	on	energy.			
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The	second	quintile	spends	19	percent	of	their	income	on	fuel,	a	sharp	drop	from	the	 irst.		The	percent	of	income	spent	on	energy	then	steadily	decreases	(with	a	slight	increase	between	the	fourth	and	 ifth	quintile)	as	incomes	rise.		Overall,	it	is	clear	that	higher	income	households,	on	average,	spend	much	less	of	their	income	on	fuel	than	poorer	households.		This	is	despite	their	purchasing	a	greater	variety	of	fuels	at	higher	prices	than	lower	income	households.			Additionally,	it	is	important	to	note	that	the	estimates	above	likely	represent	an	underestimate,	perhaps	a	signi icant	underestimate,	of	the	total	cost	of	fuel	consumption.		Most	households	spend	signi icant	time	collecting	biomass	from	their	land	and	the	surrounding	area	for	their	home	consumption.		The	time	spent	collecting	fuel	presents	a	signi icant	cost	to	the	household	as	it	absorbs	available	labor	that	could	be	spent	on	other	productive	activities.		This	is	particularly	true	for	women	who	are	disproportionally	responsible	for	fuel	collection	(Karekezi,	et	al.,	2004).					Regardless	of	the	precision	of	our	estimate	for	poor	households,	it	is	clear	that	energy	is	an	important	component	of	household	expenditures.		This	is	especially	true	for	the	poorest	households	in	our	survey.		For	these	consumers,	small	price	increases	in	fuel	prices	can	indeed	pose	a	large	burden.		Kerosene	prices	are	particularly	important,	as	this	is	the	main	commercial	fuel	widely	purchased	by	low-income	households.		For	these	households,	the	supply	chain	inef iciencies	and	associated	price	increases	outlined	in	Chapter	3	can	have	serious	negative	welfare	impacts.				
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	 Figure	5.10	illustrates	that	households	overwhelmingly	source	their	fuel	from	their	immediate	vicinity,	including	from	both	neighbors	and	the	local	village	market.		Relatively	few	households	are	able	to	purchase	fuel	from	a	petrol	station,	which	re lects	our	previous	 indings	that	rural	areas	are	underserved	by	ef icient	oil	marketing	companies	(OMC).		Also,	the	very	low	percentage	of	households	that	purchase	fuel	from	a	more	distant	district	market	indicates	that	households	do	not	often	purchase	fuel	from	distant	commercial	centers.		This	 inding	largely	supports	the	results	reported	in	Mirza	and	Kemp	(2009)	that	households	place	a	premium	on	fuel	sources	close	to	them.		The	proximity	to	fuel	sources	remains	an	important	factor	even	for	wealthy	households		This	result	underlines	the	importance	of	improving	fuel	delivery	ef iciency	to	
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rural	areas.		Households	are	often	unable	or	unwilling	to	travel	signi icant	distances	for	cheaper	fuels	available	from	more	ef icient	retailers	and	thus	are	largely	at	the	mercy	of	local	market	prices.		Relatively	few	households	have	access	to	the	ef icient	and	cheaper	petrol	stations,	further	increasing	the	price	paid	by	consumers.		Additionally,	the	frequency	at	which	fuel	is	purchased	from	petrol	stations	and	from	district	markets	falls	at	lower	income	levels.		This	further	points	to	the	dif iculty	poor	households	have	in	accessing	reasonably	priced	fuel	sources.					
5.4	 Further	Analysis			 It	would	be	logical	to	examine	the	household	data	in	a	regression	analysis	similar	to	the	concluding	results	in	the	Chapter	3.		The	previous	literature	has	explored	household	fuel	choice	decisions	through	estimation	of	a	multi-nominal	logit	model,	which	would	be	a	natural	choice	for	our	problem	and	data.		Indeed,	we	attempted	to	use	this	framework	to	examine	the	determinants	of	household	fuel	choice,	including	as	independent	variables,	factors	such	as	income,	age,	gender,	and	education.		Unfortunately,	the	relatively	low	sample	size	of	313	households	and	the	inherently	noisy	nature	of	the	survey	data	made	this	exercise	inconclusive.		Most	estimated	models	were	unable	to	produce	consistently	reliable	estimates,	and	when	estimates	were	obtained	they	were	typically	statistically	insigni icant.		While	future	research	in	this	area	would	be	desirable,	a	larger	sample	size	would	likely	be	necessary	to	successfully	estimate	these	choice	models.						 	
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CHAPTER	6			SUMMARY	AND	CONCLUSIONS	
		 Rates	of	energy	consumption	in	East	Africa	remain	among	the	lowest	in	the	world.		Limited	by	rising	prices	and	poor	access	to	modern	fuels,	energy-constrained	communities	face	the	prospects	of	stunted	economic	growth.		Households	in	these	largely	rural	areas	are	frequently	restricted	to	use	biomass	as	their	sole	source	of	energy.		The	use	of	biomass	as	a	primary	energy	source	is	often	inef icient,	unhealthy,	and	has	negative	environmental	impacts.		For	these	reasons,	enabling	poor	consumers	to	adopt	modern,	commercial	fuels	is	an	important	policy	objective	(notwithstanding	their	acknowledged	limitations).					The	research	reported	in	this	thesis	examines	how	inef iciencies	in	the	energy	distribution	network	contribute	to	limiting	households’	access	to	modern	fuels.		We	begin	by	examining	the	macro-economic	conditions	that	constrain	fuel	access.		We	then	successively	narrow	our	focus,	moving	 irst	to	commercial	centers	and	their	role	in	supplying	affordable	energy	to	consumers,	and	then	 inally	to	rural	households	and	the	constraints	on	their	energy	consumption	patterns.		In	this	way,	we	attempt	to	provide	a	comprehensive	and	integrated	picture	of	rural	energy	markets	in	developing	countries.			Our	research	begins	by	examining	the	overarching	fuel	distribution	system	that	delivers	fuels	from	international	markets	to	consumers.		First,	we	identify	numerous	government	policies	that	contribute	to	high	prices	and	limited	energy	access	in	East	Africa.		These	include	poor	regulations,	underdeveloped	
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infrastructure	and	inef icient	market	structures.		More	speci ically,	we	 ind	that	governments	regulate	energy	markets	primarily	through	price	controls	(subsidies	or	caps),	which	have	the	potential	to	lower	fuel	prices	to	consumers,	but	these	policies	also	create	distributional	inequities	and	also	tend	to	have	the	unintended	consequence	of	reducing	fuel	availability	in	rural	areas.		Additionally,	we	establish	that	poorly	developed	networks	of	pipelines,	railroads,	and	paved	roads	serve	to	increase	transportation	costs	and	fuel	prices,	which	then	limit	access	to	poor	rural	households.		Finally,	noncompetitive	fuel	distribution	markets	frequently	lead	to	higher	overall	fuel	prices	and	underinvestment	by	oil	marketing	companies	(OMC)	in	sparsely	populated	areas,	in	turn	to	the	detriment	of	rural	consumers.		These	 indings	largely	con irm	and	are	drawn	from	the	previous	literature,	most	notably	Bacon	(2001),	Bacon	and	Mattar	(2005),	and	Kojima,	et	al,	(2010).	Having	identi ied	these	regional	market	inef iciencies,	we	use	rural	Kenya	as	a	case	study	to	further	examine	their	impacts	on	consumers.		Drawing	on	a	detailed	data	set	gathered	from	56	rural	commercial	centers	from	Western	Kenya,	we	are	able	to	characterize	rural	energy	markets	in	the	region.		We	summarize	the	quantities,	prices,	and	sources	of	each	fuel	traded	by	several	groups	including	business	sellers,	business	users,	and	transporters.		Overall,	we	 ind	that	signi icant	quantities	of	modern	fuels	are	already	used	in	rural	areas.		However,	the	market	employs	each	fuel	for	a	distinct	purpose.		Kerosene	is	dominantly	used	by	households	for	lighting	and	may	be	considered	an	essential	household	good.		On	the	other	hand,	petrol	and	diesel	are	overwhelmingly	consumed	by	transporters	and	
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rural	businesses.		Meanwhile,	LPG	is	consumed	in	very	small	quantities	throughout	the	survey	area	and	is	mainly	the	preserve	of	wealthy	households.	A	major	result	drawn	from	this	analysis	is	that	the	poorest	consumers	often	pay	higher	energy	prices	than	wealthier	buyers.		We	investigate	the	reasons	behind	this	result	by	using	regression	analysis	to	estimate	the	impacts	of	several	market	variables	on	per	unit	fuel	prices.		We	 ind	that	the	two	most	important	factors	responsible	for	increasing	per	unit	fuel	prices	are	lack	of	access	to	gas	stations	and	the	long	distances	traveled	by	energy	sellers	to	their	fuel	sources.		Speci ically,	poor	consumers	without	access	to	gas	stations	pay	nearly	9	KES	(equivalent	to	$0.11	US)	more	per	liter	on	average	for	liquid	fuel.		Similarly,	an	energy	seller	that	travels	20	km	to	their	fuel	source	charges	6	KES	(or	$0.07	US)	more	per	liter	on	average	than	a	seller	that	sources	fuels	locally.		Other	likely	factors	in luencing	local	fuel	prices	are	shown	to	be	infrastructure	quality	(e.g.,	the	presence	of	tarmac	roads)	and	local	market	structure	(e.g.,	the	number	of	stores	servicing	a	commercial	center).			While	these	variables	are	suggested	to	also	in luence	per	unit	fuel	prices,	these	results	are	more	ambiguous.			The	 inal	area	of	analysis	examines	household	fuel	consumption	patterns	in	our	study	region	in	Western	Kenya.			We	test	the	“energy-stack”	model	drawn	from	the	literature	which	suggests	that	as	incomes	increase	households	consume	a	greater	number	of	fuels	without	necessarily	replacing	previously	used	fuel	sources.			Our	application	here	is	to	another	detailed	survey	of	313	households	from	Western	Kenya,	in	which	we	examine	how	households’	fuel	use	compositions	change	across	income	levels.		Overall,	we	 ind	that	the	energy-stack	model	accurately	describes	
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consumption	behavior	in	our	sample.		Wealthier	households	are	shown	to	increase	their	consumption	of	modern	fuels,	however,	they	do	not	abandon	biomass	altogether.		Nearly	all	households	use	both	biomass	and	kerosene	at	all	levels	of	income,	while	usage	rates	of	LPG,	petrol,	diesel,	and	electricity	exhibit	sharp	increases	as	incomes	rise.			Additionally,	we	 ind	that	poor	households	spend	a	much	higher	percentage	of	their	income	on	energy	despite	purchasing	lower	quality	fuels.			Households	in	the	lowest	income	group	spend	nearly	38	percent	of	their	total	income	on	fuel	purchases,	compared	to	only	10	percent	for	the	top	income	group,	a	 inding	that	is	largely	consistent	with	previous	literature	on	fuel	expenditures	by	households	(World	Bank,	2005).	This	is	despite	the	fact	that	poor	households	only	consume	relatively	cheap	fuels			(kerosene,	 irewood,	and	charcoal),	while	wealthier	households	consume	signi icant	quantities	of	more	expensive	fuels		(LPG,	petrol,	and	electricity).	This	result	emphasizes	the	importance	of	increasing	access	to	affordable,	ef icient	energy	sources	for	poor	consumers.			
	
6.1	 Policy	Recommendations		 The	results	from	our	analysis	are	helpful	in	identifying	and	quantitatively	assessing	the	factors	that	reduce	fuel	access	and	increase	prices	in	rural	areas	in	Africa.		These	results	suggest	several	policy	recommendations	regarding	how	to	best	improve	modern	fuel	access	for	consumers	in	Kenya	and	in	Africa,	more	broadly.			Our	 irst	recommendation	is	to	make	long-term	investments	in	fuel	transportation	infrastructure.		More	ef icient	infrastructure	reduces	the	costs	of	
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moving	energy	from	ports	to	the	hinterland	and	on	to	commercial	centers.		These	savings	can	then	be	passed	onto	consumers	(in	the	presence	of	competitive	markets)	(Kojima,	et	al.	2010).		Governments	should	focus	on	investing	their	resources	in	two	main	areas.		First,	it	is	vital	that	they	extend	the	network	of	paved	roads,	as	well	as	improve	their	overall	quality.		Having	a	larger	number	of	paved	roads	that	are	of	high	quality	helps	to	ensure	that	heavy	fuel	delivery	trucks	can	operate	safely	and	ef iciently.		While	this	poses	greater	upfront	costs	to	governments,	better	roads	will	also	require	less	maintenance	in	the	future	and	enable	fuel	supply	trucks	to	access	more	remote	areas.		Second,	governments	should	focus	on	improving	pipelines	and	rail	networks.		These	modes	of	transport	are	cheaper	than	trucking	and	can	therefore	decrease	the	initial	transportation	cost	of	moving	fuels	from	the	port	to	the	hinterland.		This	will	also	reduce	the	over-reliance	of	the	distribution	network	on	trucks	and	lower	road	maintenance	expenses.			Our	second	policy	recommendation	is	to	encourage	oil	marketing	companies	(OMC)	to	expand	into	rural	areas.		Better	access	to	ef icient	OMCs	will	allow	more	rural	consumers	to	access	the	cheap	fuels	these	companies	provide.		Currently,	the	individual	sellers	and	retail	stores	are	unable	to	match	the	economies	of	scale	provided	by	OMCs.		Increasing	OMCs’	presence	in	rural	communities	will	allow	more	consumers	to	directly	access	the	ef icient	distribution	channels	without	paying	for	the	high	marginal	costs	of	the	middlemen.		More	OMCs	will	also	cut	the	distance	individual	sellers	must	travel	to	source	their	fuel,	thus	reducing	the	price	paid	by	consumers	that	still	may	not	have	access.			
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Increasing	competition	among	OMCs	can	have	the	bene it	of	reducing	energy	sellers’	market	power	in	these	regions.		Currently,	many	commercial	centers	are	serviced	by	only	one	business	selling	each	type	of	fuel.		As	local	consumers	are	unable	to	travel	signi icant	distances	to	purchase	fuels,	many	of	these	businesses	can	operate	as	a	monopoly	and	charge	exorbitant	prices.		Increasing	the	presence	of	OMCs	within	the	region	can	cut	prompt	these	sellers	to	cut	prices	in	order	to	remain	competitive.		Indeed,	the	results	of	the	analysis	from	Chapter	3	seem	to	support	the	fact	that	increased	competition	can	reduce	fuel	prices.		While	the	results	on	the	impact	of	the	number	of	stores	servicing	a	commercial	center	were	less	strong,	they	suggest	that	increased	competition	plays	a	positive	role	in	reducing	per	unit	fuel	prices.		According	to	the	results,	the	presence	of	each	additional	energy	seller	in	a	commercial	center	lowered	average	prices	by	1.7	KES	per	liter.		In	addition	to	this	direct	competition	effect,	reduced	market	power	in	rural	areas	will	encourage	 irms	to	pass	on	any	cost	savings	they	achieve	to	consumers,	reducing	rent	seeking	in	the	industry.								To	achieve	these	results,	there	are	several	approaches	governments	can	take	to	increasing	the	presence	of	OMCs	in	rural	markets.		First,	price	controls	such	as	fuel	subsidies	and	caps	should	be	eliminated.		Removal	of	these	policies	will	increase	the	incentives	for	OMCs	to	invest	in	rural	areas	by	raising	the	potential	revenues	companies	can	gain	in	these	markets	(Bacon,	2001).		If	elimination	of	price	controls	is	infeasible,	governments	should	at	least	allow	greater	 lexibility	in	energy	price	caps	to	make	rural	investments	worthwhile	for	OMCs.			
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A	second	approach	is	a	reiteration	of	our	recommendation	regarding	improving	the	fuel	transportation	infrastructure.		Investments	in	this	area,	particularly	improvements	in	paved	roads,	may	also	have	the	effect	of	encouraging	OMCs	to	expand	into	more	sparsely	populated	areas.		Higher	quality	paved	road	reduce	the	costs	and	risks	of	delivering	fuel	to	remote	regions.		This	in	turn	allows	OMCs	to	achieve	greater	pro it	margins	and	encourages	expansion	into	rural	markets.			Lastly,	governments	should	seek	to	increase	competition	among	OMCs.		An	effective,	well-regulated	competitive	market	constantly	pressures	participants	to	improve	ef iciency	and	to	share	these	gains	with	consumers.		The	goal	of	policymakers	should	not	necessarily	be	to	increase	the	number	of	 irms,	as	too	many	small	 irms	do	not	necessarily	improve	ef iciency	in	the	market	(Kojima,	et	al.,	2010).		Rather,	governments	should	ensure	that	 irms	have	the	necessary	incentives	to	engage	in	fair	competition	and	invest	in	effective	fuel	delivery.		To	achieve	this,	governments	must	 irst	make	sure	that	fuel	regulations	are	consistently	enforced.		Failure	to	apply	fuel	safety	and	quality	regulations	already	on	the	books	allows	commercial	malpractice	to	proliferate	and	reduces	the	incentives	for	OMCs	to	improve	their	ef iciency.		For	example,	a	 irm	will	not	seek	to	reduce	costs	through	productivity	investments	if	their	competition	can	offer	a	lower	price	by	diluting	their	fuels.		In	the	worst	case,	 irms	that	do	not	engage	in	commercial	malpractice	can	be	driven	out	of	the	market	entirely.		Another	method	to	increase	competition	is	to	decrease	the	barriers	to	entry	in	the	market.		This	can	be	achieved	by	increasing	third-party	access	to	large	infrastructure,	such	as	storage	terminals	
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and	bulk	procurement	systems.		This	will	allow	new	 irms	to	immediately	gain	access	to	the	systems	necessary	to	deliver	fuel	ef iciently	to	rural	markets	(Kojima,	et	al.	2010).			Our	last	policy	recommendation	is	to	increase	government	assistance	to	households	seeking	to	purchase	new,	energy-ef icient	technologies.		Evidence	from	the	household	data	set	examined	in	Chapter	5	indicates	that	modern	fuel	use	is	driven	in	part	by	the	adoption	of	new	technologies	–	such	as	an	LPG	stove	–	that	require	such	fuels	for	their	operation,	a	result	that	con irms	previous	research	conducted	by	Foley	(2005).		However,	many	poor	households	cannot	afford	the	large,	one-time	cost	of	purchasing	these	technologies.		Thus,	a	household	that	would	be	able	to	afford	the	marginal	cost	of	the	fuel	is	kept	out	of	the	market	due	to	liquidity	constraints.			This	scenario	also	applies	to	households	seeking	to	enter	the	electricity	market.		In	many	cases,	they	may	be	able	to	afford	the	unit	price	of	electricity	use	but	the	high	grid	connection	costs	are	prohibitive.			To	address	this	problem,	governments	should	implement	programs	that	seek	to	diffuse,	or	lower,	the	one-time	cost	of	these	technologies.		One	possibility	is	a	direct	subsidy	to	promote	the	use	of	ef icient	cooking	stoves;	however,	this	may	not	be	sustainable.		A	second	method	would	be	to	offer	generous	payment	plans	or	loans	whereby	households	can	spread	the	one-time	costs	over	a	period	of	several	years.			There	are	many	barriers	that	prevent	modern	fuel	consumption	by	poor	consumers.		However,	the	economic	and	welfare	bene its	of	increased	access	to	these	fuels	justify	government	investments	to	encourage	their	adoption.		Although	certainly	not	comprehensive,	these	three	policy	recommendations,	outlined	above,	
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will	hopefully	reduce	the	costs	of	supplying	modern	fuels	to	the	poorest	consumers.		These	policy	changes	will	require	signi icant	investments	of	money	and	time,	although	some	interventions	such	as	improved	enforcement	of	regulations	mostly	require	political	will.		Overall,	the	potential	gains	from	these	actions	will	likely	outweigh	any	costs	derived	from	seeking	to	improve	the	energy	access	situation.			It	is	worth	acknowledging	that	increasing	consumption	levels	of	fossils	fuels	has	serious	drawbacks	regarding	global	environmental	health.		Increased	burning	of	petroleum-based	products	contributes	to	the	amount	of	greenhouse	gases	released	into	the	atmosphere	that	are	causing	climate	change.		It	may	seem	paradoxical	to	promote	economic	development	through	increased	fossil	fuel	consumption	which	con licts	directly	with	our	environmental	goals.		However,	despite	these	drawbacks,	it	could	be	argued	that	the	burning	fossil	fuels	is	at	least	no	worse	for	the	environment	than	burning	biomass	to	generate	an	equivalent	amount	of	energy.			The	burning	of	biomass,	particularly	fuelwood	and	charcoal,	also	releases	signi icant	amounts	of	greenhouse	gases	that	would	otherwise	be	stored	in	trees	or	underground	(Bluffstone	1995).		Indeed,	from	an	ef iciency	standpoint,	fossil	fuels	emit	lower	amounts	of	harmful	greenhouse	gases	per	unit	than	biomass	(Schlag	and	Zuzarte,	2008).		Additionally,	excessive	biomass	consumption	may	have	other	negative	environmental	drawbacks	such	as	deforestation,	increased	soil	erosion,	and	decreased	soil	fertility	(Cooke,	2008).		While	renewable	energy	sources	should	be	promoted	and	used	wherever	practical,	current	fossil	fuel	consumption	is	so	low	in	Sub-Saharan	Africa	that	economic	development	is	dif icult	to	imagine	without	increased	consumption	of	these	fuels.			
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